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Abstract
Data acquisition is an essential part of the research and development process of water valves and fittings
at Zurn Wilkins. In Fall 2021, Zurn Wilkins approached our senior project team with a goal of creating a
modular data acquisition system that streamlines their design and testing processes for new products. Our
team determined that a microcontroller-based system was the optimal way to deliver this goal and
designed our system around a Raspberry Pi. We chose twelve sensors that were compatible with existing
taps in the Zurn Wilkins facility. The sensors send their signal through waterproof receptacles into the
Polycase waterproof enclosure to the Analog Digital Converters (ADCs). The ADCs convert a 4-20mA
signal from each of the sensors into digital data that can be processed by the Raspberry Pi. We used DIN
rails and compatible mounting kits to mount these components into our enclosure. The system accepts
user input through the LCD screen with buttons and displays values during setup and data collection. The
system was assembled and calibrated by the team, resulting in the ability to accurately read pressure,
temperature, and flowrate data from a fluid system. The testing of our project proved that we met or
exceeded each of the specifications set forth at the beginning of the project. We have delivered our fully
operational system to our sponsor contact, who will use it to expedite his data collection process in his
everyday life as a water solutions engineer.

Introduction
Our team was tasked with creating a Data Acquisition (DAQ) System to streamline Zurn Wilkins’ testing
of their control valves collecting pressure, temperature, and flow rate measurements. Zurn Wilkins
designs and manufactures an array of control valves such as fire protection, backflow prevention, and
pressure reduction valves. In order to employ their valves in commercial and residential applications, they
must test these valves in their lab facility to make sure each valve passes pressure approval standards
measured at various flow rates. In the past, Zurn engineers would manually record inlet, outlet, and
intermediate pressure along a valve one measurement at a time, reading from analog gauge devices along
their hydraulic test setup.
We have streamlined this process by creating a modular Data Acquisition Box that eliminates the need for
Zurn engineers to manually record pressure, temperature, and flow rate data. The system allows users to
record data from up to 8 pressure, 3 temperature, and 1 flow rate sensor, and simple modifications to the
DAQ box in the future could allow for data collection from up to 32 sensors. To collect a full set of data
on a control valve, the user simply screws in their sensors to the DAQ box and the control valve, inputs
the test initialization parameters, and allows the system to run for their desired length of test. Once all
data has been measured, the user will terminate the test with a button keystroke and they can access a
uniquely-named excel sheet containing all their data from a USB flash drive. The DAQ box was built
with modularity in mind so that it can be used for any test Zurn wants to conduct and can be operated
entirely by just the DAQ box, meaning no external equipment is necessary to perform a test.
Designing the DAQ box was a year-long iterative process, consisting of multiple design phases. Our
project began with defining the bounds of our problem statement in the Scope of Work (SOW). In the
SOW, we have documented the research performed on current technologies, existing solutions, and
relevant technical content to demonstrate we have adequately informed ourselves to make a design
decision on how to solve the given problem statement. The next phase of the project was creating a
concept prototype that demonstrated a proof of concept documented in our Preliminary Design Review
(PDR). In the PDR we selected a design direction of using a microcontroller to read data from a pressure,
temperature, or flow rate sensor, using an LCD screen to provide live feedback. Although our concept
prototype was rudimentary it proved that we could indeed facilitate data collection from a microcontroller
and provided sufficient confidence for our sponsor, Brian Yale, to move forward with our design
direction. The next design phase proved to be a significant milestone as we documented our exact plan to
manufacture and assemble our final design, proving we will meet all design specifications, in our Critical
Design Review (CDR). In the CDR we provided a full parts list, indented Bill of Materials, and
Manufacturing plan with the goal being that Zurn Wilkins could build a working DAQ box given the
instructions in the CDR. With the CDR came a structural prototype which served as design justification
that we could meet desired specifications using the exact parts we outlined in the final design parts list.
The CDR is intended to be a final iteration of design decisions before building the product. The integrity
of our CDR has remained mostly intact, with only a few changes in the final design which have been
mentioned in the Final Design Review (FDR), Design Updates section. The FDR section of our report
will complement our verification prototype and project expo deliverables to document Design Updates
since CDR, Manufacturing instructions, Design Verification steps, and Discussions & Recommendations
for the future. Additionally, we have included a user manual, code documentation, a parts list, and test
procedures in Attachments to ease the DAQ box learning curve for Zurn engineers and allow for simple
modifications to the DAQ box in the future.

It should be noted that each of the four reports, Scope of Work, Preliminary Design Review, Critical
Design Review, and Final Design Review, were prepared as separate reports. This document combines
each of these reports to form our final Senior Project Report.
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Abstract
Over the last several weeks, our team has done a comprehensive background study to fully define the
flow data acquisition problem. We understand that Zurn Wilkins desires a fully automated pressure
recording data acquisition (DAQ) system, so field engineers and technicians don’t have to record pressure
data across their control valves manually. As a baseline, we will deliver a DAQ system that attains, stores,
and outputs pressure values upstream and downstream at any recorded flow rate. The deliverable will be
modular, water-tight, and compatible with current equipment. It is likely to store data on an SD card, and
we are motivated to include expressed wants such as temperature data, long-term data collection, and a
live feed output system, likely through the software Particle.io. Background research has shown that an
Arduino microcontroller could be a powerful tool in processing our data, possibly mimicking LabView
capabilities without purchasing the software. We have also found existing products like Kai Meter’s test
stand and Matt Guise’s outdoor Particle.io system to be effective DAQ systems, both of which are
systems developed by Zurn Wilkins engineers to aid in their design process.
We wish to reference the systems developed by Zurn Wilkins engineers moving forward and are looking
to improve upon their modular design making it suitable to several testing areas, environment conditions,
and data types (Pressure/Temperature). With the wants and needs of Zurn Wilkins well established, we
have set engineering specifications to ensure we meet these requirements. Target metrics such as
transducers calibrated to within 5% of existing analog equipment will ensure we provide accurate data.
Moving forward, we intend to build a proof-of-concept model with an Arduino board and MATLAB that
we can implement in Zurn Wilkin’s test stands and software. The next milestone will be a solidified
concept that we will present to Zurn Wilkins’ at the Preliminary Design Review at the end of this year.
Until then, we will continue to generate ideas and research to create a working concept.
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1. Introduction
Pressure and flow system characterization is necessary for creating any flow device before companies can
sell it on the open market. These pressure and flow curves help companies like Zurn Wilkins test and
quantify the features of their products. It also helps these companies pass national flow and quality
standards that ensure that their product will work as advertised and will not fail unexpectedly. These
pressure and flow curves are produced using various methods, usually including taking pressure readings
at specific points along a flows path, such as upstream and downstream of a fitting at multiple times, then
plotting these quantities versus flow rate. These help engineers visualize pressure loss and potential flow
leakage throughout the flow system for various pressure measurements and loading.
Zurn Wilkins is a plumb-fitting manufacturer that is an industry leader in the research and development of
new types and styles of plumb-fittings such as backflow preventers, pressure-reducing valves, and mixing
chambers. The current characterization of new products is an inefficient and time-consuming process for
both engineers and technicians. Currently, engineers manually record pressure readings from a digital or
analog gauge. The measurements are written down by hand before engineers can return to their desks,
manually input the data, and plot it in excel. Zurn Wilkins is searching for a solution to this problem that
decreases the amount of time needed to generate flow/pressure curves and is modular to adapt to various
fittings, styles, sizes, and pressures of plumb-fittings.
The purpose of this project is to design and create a reliable, modular, and easy-to-use system that can
generate these characteristics for Zurn Wilkin’s testing facility. Ideally, the product that we will deliver
will read pressure, temperature, and flow rate of the flow through any Zurn Wilkins fitting. Once data is
gathered, the system should plot the data points in an engineer’s computer for easy analysis. This new
device will significantly improve the current manual process of reading, writing, inputting, and plotting
data that engineers are currently using. Our team will develop this device specifically for Zurn Wilkins,
but similar devices can impact anyone who wants to streamline their data acquisition process in any
industry.
This document includes Background information about the current data acquisition system, current
technologies in use, related patents, project Objectives, and requirements. The Project Management plan
will provide details on how the project will progress.
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2. Background
This section outlines the work our team has performed to identify existing products and technologies that
may aid us in our design process. We analyze the Stakeholders and their Needs, summarize the Technical
Research that our team has conducted, and explain several Existing Products and Patents that we can
draw inspiration from.
2.1. Stakeholders/Needs:
Our first visit to the Zurn Wilkins facility allowed us to see the environment in which our product will
operate. We had the chance to speak with several engineers working at Zurn Wilkins to collect data on
their prototypes in the flow lab. Their current methodology varied from person to person, but the overall
sentiment was that a modular data acquisition unit would greatly benefit their design process. The
feedback from the stakeholders also suggested that we should not design any structures in which to mount
fittings for testing. This requirement is to make sure that our result is a modular system that can be
applied to any flow loop in the Zurn Wilkins lab. The product developed should be limited to a computer
system with sensors that connect to existing flow mechanisms through standard taps for pressure and flow
rate. This functionality will maximize the system’s modularity and the engineer’s ability to use the system
to collect data on a wide range of flow systems. Several of the engineers at Zurn have developed similar
systems to the product we intend to design. However, these systems are limited to one testing setup and
lack the modularity that our sponsor requires. Our sponsor noted that an Internet of Things (IoT)
connected system is preferred, as Zurn Wilkins is pushing to deliver more “smart” products to the
plumbing industry which can communicate with a user when things go wrong. The engineers also
expressed interest in a system that automatically changes the flowrate to analyze changes in pressure
drop.
2.2. Technical Research:
This section offers a summary of the technical research our team performed to determine our project
scope.
2.2.1

Piping Network Characterization and Control Systems

During our technical research, we focused on identifying instances in which other groups had developed a
data acquisition system. Initially, we looked for examples of teams building an entire testing setup to
characterize a particular flow system's behavior. Hydro Turbine Prototype Testing and Generation of
Performance Curves: Fully Automated Approach [1] shows the development of a LabView-based data
acquisition unit (DAQ) which flows water through turbines and characterizes their efficiency as a
function of rotational speed and flow rate. Development of a data acquisition system using LabVIEW and
Arduino microcontroller for a centrifugal pump test bench connected in series and parallel [2] designed a
system to record pressure and flowrate data from a piping system with two pumps in series and parallel
configurations. The system uses LabView to collect data and uses an Arduino microprocessor as the
control unit. Tractor hydraulic power data acquisition system [3] also uses a LabView-based DAQ to
take in pressure and flowrate data that processes output characteristics of a tractor’s hydraulic power
system, which is commonly used to power farming implements. These three sources have shown us what
software/hardware could be useful to our project (such as LabView), and spark discussion on what we can
accomplish in our project because we have a better idea of what current technology is capable of.
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2.2.2

Microprocessor-based Data Acquisition Units (DAQ’s)

Following our first visit to the Zurn Facility, we shifted our focus to researching designs which deal
solely with the acquisition of data from a system. Continuous monitoring of indoor environmental quality
using an Arduino-based data acquisition system [4] and Open Source Building Science Sensors (OSBSS):
A low-cost Arduino-based platform for long-term indoor environmental data collection [5] present
methods to collect data from the atmosphere in each room of a large office building to perform safety
regulation and generate data for statistical analysis. Each source uses an Arduino microprocessor to take
data from various sensors. The environmental quality system uses a software and hardware combination
to form a network of sensor nodes, which communicate to a central computer where data is stored.
OSBSS more simply writes data to a microSD card in either .txt or .csv file format. This source states that
each data point (pressure, temperature, etc…) only takes a few bytes on a drive, which allows for billions
of measurements to be stored on an 8GB microSD card. These sources gave us insights on the data
management side of our project. They will be good resources when we are determining how our system
will handle data.
Another example of an existing microcontroller system relevant to our project is the Human Powered
Vehicle Bike Computer [6]. The project utilizes an Arduino Uno as a data collecting and forwarding
device that collects data from attached modules and sensors before sending it to an Android device via
Bluetooth. The project report details software flow diagrams that help readers understand the logic of the
program. Moreover, the report discusses how each pin is used on the development board and includes
schematic diagrams of the wiring between each hardware component.
Each of these microprocessors require programming to be able to collect and store the data found through
the transducers. Research has suggested that a variety of programming languages exist that can be utilized
to program these microprocessors, including C/C++ and Python. Finally, a great resource to acquiring
transducer data is a textbook that we found called Real World Instrumentation with Python [7].

2.2.3

Current Backflow Preventer Standards

Since our proposed device will be utilized to read pressure upstream, downstream, and within backflow
prevention valves, it is important to fully understand the function and standards related to backflow
preventers. Zurn Wilkins backflow preventers are American Society of Sanitary Engineering (ASSE),
Canadian Standards Association (CSA), and University of Southern California (USC) certified. Since the
actual test requirements are nearly identical, our research focuses on ASSE standards, as provided by our
sponsor. For reduced pressure principle and double check backflow prevention assemblies ASSE 1013
and 1015, list maximum allowable pressure losses for different sized assemblies [8] [9]. These tables can
be seen in Attachment A and Attachment B. Moreover, these standards, as well as ASSE 1003, provide
step-by-step procedures for testing allowable pressure loss through each respective assembly [10]. This is
the procedure that Zurn engineers follow in their hydraulics testing lab while moving through the R&D
stages of design, and this is the procedure that we are trying to simplify for them. If our product can
measure and record temperature as well as pressure, ASSE standards 1017 and 1070 will be utilized for
defining performance requirements of temperature mixing and limiting devices [11] [12].
2.3. Existing Products
While various data acquisition systems can be purchased, these systems lack the modularity and
customizability that our sponsor seeks. Thus, we chose to focus our product research on the existing
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systems that we the other Zurn Wilkins engineers have produced. Our sponsor has expressed the desire
for his system to be similar in form and function to those developed by Kai Meter and Matt Guise.
On a larger scale, existing data acquisition systems can be separated into two main categories. The first
category contains systems who utilize large PC’s and software that runs on operating systems such as
Windows (see Lab-View systems described in section 2.2). The second category is the wide range of
microcontroller-based data collection units that have been developed by various research teams and small
groups within engineering organizations, as detailed in section 2.2.2. Based on our stakeholder feedback,
we have determined the second category is more useful for us, as it includes the systems developed at
Zurn Wilkins in the past.
2.4. Existing Patents
The following table outlines the relative patents we researched to better understand how other
manufacturers tackle similar problems. Main patent research was confined to devices that measure
pressure or use data acquisition systems to gather data. The last two patents are held by Zurn and give us
a better understanding of the product that we are acquiring data for, as well as the pressure taps placement
relative to the internal workings of the plumb-fitting.
Existing patents showed us the methods and techniques that previous teams have used for acquiring data
in fluid systems. As well as this, two patents were found that were held by Zurn Industries, LLC. These
patents show us the inner workings, transducer placements and pressure meanings along plumb-fittings
that we will likely be testing.
An old patent utilized analog manometers to record the pressure and flow along an oil pipeline. This was
a method that we played around with during ideation but abandoned because of outdated methods.
Another patent was a method of using pressure transducers and flow meters to control a manifold
diaphragm system. The patent describes the use of a microcontroller to actuate the motion of diaphragm.
This patent is synonymous with our want to control the flow through Zurn test stands. The last patent that
was researched characterized a way to calibrate and run experiments with piezoelectric sensors, like the
ones that we are planning on using. It mentions using standardized water to ensure accurate calibration,
as well as non-invasive techniques to measuring pressure. These non-invasive techniques don’t cause any
head loss, or interfere with flow along a pipe. If head losses were an issue to our data collection, the
method used to describe this patent could be used to mitigate head loss. Those methods include using
deformation sensors axially along a pipe under pressure, since pressure will cause a pipe to expand, the
deformation can be measured and translated into a pressure reading.
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3. Project Scope
The project scope section will outline our understanding of what our design must accomplish. We have
provided a sketch that clearly depicts Zurn Wilkin’s current solution to the data acquiring issue at hand.
Additionally, compiled from communication with Zurn Wilkins engineers, we have developed an initial
table of Needs/Wants for the project. Finally, we decompose every function that our final design must
do and we outline what we plan to deliver in June.
3.1. Boundary Sketch
Flow data characterization is required in any plumb-fitting manufacturing company that sells products on
the open market. This characterization allows companies to pass national standards regarding their
products and ensure that the product will perform as expected for as long as expected. Currently, the data
acquisition process is too lengthy, requiring manual readings of digital or analog gauges by engineers and
technicians. Zurn Wilkins needs a way to streamline this process, as well as any other process that
requires pressure, temperature, or flow rate reading. The figure below is a boundary diagram, which is a
visual representation of the problem. The system encompassed by the dashed line indicates the part of the
current situation that can be changed. Existing test stands have transducer adapters tapped into them,
which removes the need for us to design a physical interface with the fluid system. The current problem is
that there is not a streamlined and efficient method to recovering and plotting this data.

Figure 1. Boundary layer depiction of the system we are concerned with.
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3.2. Stakeholders’ Wants and Needs:
From interviewing our sponsor Brian as well as other engineers at Zurn, we have developed a list of needs
that we expect to deliver to Zurn, and an added list of wants that we intend to include in our final design.
As a baseline, we will deliver an Automated DAQ system that stores the upstream and downstream
pressure data at varying flow rates over time. Our design will be modular, easy to set up, and easy to
operate. Pressure transducers should also be compatible with existing Zurn equipment.
We also intend to meet the wants criteria because it will make Zurn engineer’s jobs easier and possibly
give them data that they hadn’t had a chance to look at before. Our main goal is to integrate multiple
calibrated pressure transducers so that we can take pressure readings at multiple points along the valve,
allowing Zurn to see which segments create the most head loss. We would also like to record temperature
data for their temperature controlling faucet valve. Another want is to be able to record data over long
periods of time to report exactly when a part failed during a durability test. Finally, we will investigate
controlling the flow rate so that nobody needs to stand at the flow valve for the duration of the test. The
ability to control flow rate is the highest priority want for our sponsor. A full list of needs and wants is
shown below in Table 2.

Table 1. List of wants and needs derived from sponsor feedback.
Needs
Wants
Automated Data Acquisition (DAQ) System
Ability to take more than two pressure readings
Mobile
Control flow rate through the valve
Modular
Obtain temperature data
Easy to use
Minimize or eliminate calibration between tests
Upload to SD card
Use existing software (Excel for plotting,
particle.io)
Read off upstream and downstream pressure as
Have automatically updating tables accessible by
well as flowrate
phone
Enclosed and/or watertight hardware adhering to
Ability to collect data over extended periods of
safety procedures
time (30+ days)
Utilize Standard ¼ Inch Pressure Taps and
Existing Flowrate Taps
Ability to modify the device in the future
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3.3. Functional Decomposition:
Shown below is our functional decomposition diagram. This diagram breaks down each task that our
system will be required to fulfill and lists the lower-level functions that must work to complete said task.

Figure 2. Functional Decomposition diagram

3.4. Planned Deliverables:
Through initial discussions and interviews with our sponsor, the team expects to build a fully functional
automated data acquisition system for the hydraulics testing lab at Zurn. This system will include three
parts: the physical hardware, the software, and a user manual. The hardware will include a microprocessor
enclosed in a watertight assembly as well as multiple pressure, and hopefully, temperature sensors.
Software included will program the microprocessor to accept data inputted from the transducers and
output the data, likely either to a cloud-based storage system or to an SD card. This code will be wellcommented to explain each step for future users. The user manual will be a document that assists the
engineers and technicians at Zurn on how to use our system. It will also contain procedural steps on how
to maintain and troubleshoot our system, should issues occur while we are not on site.
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4. Objectives
This section identifies our official problem statement and begins to specify how we plan to meet the
problem goals. We have created problem specifications for every Want/Need, serving as a tool to
ensure every criterion is met.
4.1. Problem Statement
Zurn Wilkins’ needs a way to automate data collection during the characterization of new products. Their
current methods rely mainly on a technician manually reading gauges and recording data which can lead
to inaccuracies and is a time-consuming process.
4.2. Quality Function Deployment (QFD)
We have created a Quality Function Deployment (QFD) table to rank Zurn Wilkins’ wants and needs and
determine how well our engineering specifications address each want/need. Each want is weighted on a
scale of importance relative to each stakeholder. We determined our two main groups of stakeholders to
be the engineers at Zurn Wilkins as well as the lab technicians. The QFD also gave us the opportunity to
test current products’ ability to fulfill the wants and needs that apply to our project. Matching the strength
in correlation between design specifications and wants/needs with other products allowed us to see which
features would be useful to our design, and which features wouldn’t. For example, the live feed ability of
particle.io used in the outdoor DAQ at Zurn Wilkins would meet our need of creating a fast and formatted
output. Viewing our QFD also provides an opportunity to see how we initially plan to meet Zurn Wilkins’
needs. A visual of the QFD is shown in our House of Quality in Attachment C.
4.3. Engineering Specifications
The table below details the specifications and important features from the house of quality that must be
fulfilled for a successful project.
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Table 2. Specification Table with tolerances, risk levels, and compliance types.
SPEC.
#

SPECIFICATION
DESCRIPTION

1
2

Number of Data Collection Ports
Decrease in Time to Collect
Data

3
4
5
6

Percent Difference from
Calibrated Equipment
Verify Data Collection
Splash Test
Direct Sunlight Resilience

7

Type/Size of Output Storage

8

Compatible with Existing
Transducer Fittings
Automated Sensor Calibration
First Time Setup Duration
Standard Setup Duration
Between Tests

9
10
11

REQUIREMENT
OR TARGET
(UNITS)
10
20% reduction from
manual data
collection
±5%

TOLERANCE RISK* COMPLIANCE**

Min
Min

L
L

I, T
T, S

Max

M

T, A

Y/N
Pass IP66
Casing Temperature
158 °F
Can record for 30
days
1/4"

Min
Max

L
M
M

I
I, T
I, T

Min

M

A,T

-

L

I, S

Y/N
<10 minutes
<5 minutes

Max
Max

M
H
H

A, T
T
T

* Risk of meeting specification: (H) High, (M) Medium, (L) Low
** Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test

A description of each specification is provided below.
1. We plan to have at 10 ports that can accept either pressure or temperature transducers, we believe
that this number is adequate for the number of ports available on the plumb-fittings that will be
tested.
2. The product is planned to be able to deliver a live-feed of pressure and temperature readings with
at least a 5-minute lag time between the reading and a live update.
3. Calibration is another important feature that is required for engineers to adhere to industry
standards, the product that we are delivering must be accurate to calibrated equipment for it to be
practical, a ±0.05-unit tolerance has been assigned to this feature.
4. We will need to verify that our hardware and software is collecting data. This is a simple pass/fail
test that must be passed for our system to be successful.
5. Since the product is designed to be modular, it must be practical for use in all types of
environments, particularly wet laboratories. This feature is a must-have for practicality in the
Zurn laboratory.
6. The product will likely be used outdoors for long-term testing, so resilience to sun damage and
heat is essential. This feature is a must-have for practicality in the Zurn laboratory.
7. Since the product is foreseen to be in constant use for up to 30 days straight, adequate data
storage is necessary to ensure engineers do not receive corrupted, incomplete, or overwritten data.
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8. Most of the pressure transducer fittings in the Zurn lab feature ¼ inch taps. Thus, we must use
pressure transducers that are also ¼ inch to ensure modularity within the lab.
9. Current automated systems in place at Zurn must be calibrated for each individual test. We hope
to develop a system where the transducers are pre-calibrated, thus decreasing testing time for
backflow preventers.
10. We want to ensure that first time an engineer or technician uses our design, they can easily learn
to operate it with our full, transparent documentation. It’s important for our DAQ system to be an
intuitive set up process.
11. Different than a first time set up process, we want our design to be easy to set up in between tests
when adjusting desired transducer ports or moving from an inside test area to outside. Having a
simple setup ensures practicality and makes our product more desirable.
Each specification is a method of testing our design to meet a want/need. Target values were assigned
under the basis that we want to improve on all current systems. A successful deliverable will be able to
meet all requirement targets and perform as expected. All targets were also assigned a risk rating that
ranges from high to low that were determined by our expected ability to meet the target. We expect most
specifications to be of low or medium risk. However, ensuring the product will be straightforward to set
up, both initially and after user familiarization, seems to be our highest risk specification. We will have to
find a way to organize the transducers and make the ports compatible with several testing areas. In
general, after meeting every specification test, we have theoretically met all Zurn Wilkins’ wants and
needs.
5. Project Management
The overall design process consists of several iterations of research and development. Initial research and
project definition were the first tasks to be completed. Next, a scope of work (SOW, this document) was
generated for the projects sponsor to understand the extent of the final product. After the SOW is sent to
the sponsor, the ideation phase will begin, which will assist in the important decisions of how the product
and data acquisition system will be pursued. Once the details of the design are worked out and peer
reviewed, the information about the final design will be presented to the sponsor in a Preliminary Design
Review (PDR). In this session, the sponsor will either deny or approve of the design concept. Once the
design is approved by the sponsor, a prototype construction will begin, in which we plan to have at least
one working transducer that may or may not provide live updates. This prototype will be tested and
tweaked to ensure it accommodates all important features and safety standards. Once the prototype is
approved, a final prototype will be checked for functionality and safety. Finally, the project will conclude
with an exposition at which the completed work will be shared with the public – if approved by the
sponsor.
The table below outlines the projects major deliverables and timeline. The Gantt chart in Attachment D
displays a tentative project schedule in a graphical form. The Gantt chart is a useful tool in tracking a
projects progress and timeline, as well as organizing the timeline for each task required for the project.
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Table 3. Tentative schedule for major milestones and deliverables. All dates are subject to change
depending on project complexity and technical challenges.
Deliverable
Scope of Work
Preliminary Design Review (PDR)
Create Structural Prototype
Critical Design Review (CDR)
Manufacturing, Test, and Review
Final Design Review
Deliver Final Product

Due Date
10/20/2021
11/18/2021
1/25/2022
2/11/2022
5/12/2022
6/3/2022
6/6/2022

This projects design process will be programming and testing intensive, since a major functionality of this
product is to provide live chart updates and readings. The most effective way to test this products
functionality is to use it in the Zurn Wilkins’ laboratory where it will typically operate, this can ensure
that the product is well adapted to the environment it will spend its lifespan. Ideally, early prototyping
will help us identify methods to test the design’s resistance against the elements as well as validating data
acquisition and processing capabilities. Since the product is designed to be modular and functional for
testing across all different types, styles, and sizes of plumb-fittings, early testing in-person at the Zurn
Wilkins’ laboratory is crucial to ensure that the final product is practical.

6. Conclusion
The project engineers at Zurn Wilkins are seeking a fully automated data acquisition system to expedite
the data collection process during research and development of new products. After completing initial
research and conducting interviews with the engineers at Zurn Wilkins who will be using our system, we
are confident in our plan to fulfill the request that our sponsor has brought to us. This plan will include,
but is not limited to, a fully functioning data acquisition system that is modular, portable, easy to use and
safe. Engineers have specified several wants such as SD card upload and live data outstream, we will do
our best to provide Zurn with a functioning product that can meet these wants. Multiple tests will be
conducted to ensure the safety and performance of the product before it is delivered. The supplied product
will be fully commented and described, which will help engineers at Zurn troubleshoot the product incase
a problem occurs months or years after the product is delivered. Since the current method of data
acquisition is hand-written notes, a fully functioning product will help engineers at Zurn save time,
money, and labor.
This document serves as an agreement between the project team and the sponsor regarding the scope of
the project while also outlining the team’s plan. The next project deliverable will be a Preliminary Design
Review, which will specify our intended design direction, and will be completed November 18, 2021.
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Attachment C: Existing Products and Patents
Products:
Manual Data Acquisition: The current process that most Zurn Wilkins engineers perform is manually
writing down upstream and downstream pressures for given flowrates. After adjusting the flowrate and
waiting to reach steady-state, they record pressure data in their notebooks before transferring the numbers
to an excel sheet for further analysis and plotting.
Kai Meter’s Test Stand Rig: Kai Meter, project engineer at Zurn Wilkins, spent 8 months designing and
constructing a test stand to test a few different pressure-reducing valve designs. While this system is
efficient at testing his specific designs, it lacks modularity and cannot be easily altered to test different
pressure reduction valves.
Matthew Guise’s Outdoor DAQ: Matt, project engineer at Zurn Wilkins, developed this networkconnected data acquisition system for a long-term test of some of Zurn’s valves. The DAQ is built around
a Particle.io microprocessor which continuously streams data to the cloud and stores it in a Google Sheets
document. This cuts out the need to pull data from a microSD card after a test has been completed and
enables the user to generate results while the test is still running and data is being recorded.
Matthew Guise’s Indoor DAQ: This data acquisition system, developed by Matt at Zurn Wilkins, is the
most similar to the system we intend to build. It features a microprocessor system enclosed in a watertight
casing that receives input data from two pressure transducers. This system also features a digital screen
outside of the casing that allows a user to input settings for data acquisition. Like the other systems
created at Zurn, however, this DAQ lacks modularity and mobility.
Two Tanks Lab DAQ: Dr. Ghalamchi, who teaches the Cal Poly Controls Lab course, has developed a
data acquisition and control system for use in his course. The system uses an Arduino as an interface
between Simulink and a physical system containing several valves, pressure transducers, and a flowmeter.
The physical experiment can be controlled through the Simulink user interface, and all data is imported
directly to the MATLAB/Simulink environment for analysis/plotting. The main limitation of this solution
is the use of a full-scale PC to run the program communicating with the physical system. The Zurn
Wilkins flow lab does not have a space in which a PC can be safely operated due to the abundance of
water spray, machinery, and storage space.
Patents:
Valve System with a Pressure Sensing Displacement Member: Patent No. US10817004B2. A system
and method of controlling the open and close states of a manifold diaphragm system. This valve uses a
pressure transducer, real time data, and a controller to move an actuator. While our system may not have
an actuator, the pressure reading and controlling system may be similar [13].
Device for Measuring the Pressure of Fluid in a Pipeline: Patent No. SU344302A1. This patent uses a
manometer to record the pressure. While our system will have a digital transducer instead of an analog
one, the current system uses analog transducers. The patent also includes flow gauges. These flow gauges
are introduced using an oblique cut [14].
Method and System for Flow Measurement Using Pipe Elements with Integrated Piezoelectric
Sensors: Patent No. BR102017022373A2. A device for flow measurement characterized and integrated
in pipe elements such as bends, fittings, valves, orifice plates, or anywhere where major pressure
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fluctuations occur. Pressure fluctuations increase with flow velocity. In this patent, flow rate is
determined by correlating electrical signals in piezoelectric sensors to pressure readings [15].
Backflow Preventer: Patent No. US7784483B2. Zurn’s patent for a backflow preventer. This diagram
shows the inner workings of one of the devices that we will be testing. The image also shows the
positioning of ¼” pressure taps that we will be utilizing [16].
Backflow Preventer Valve: Patent No. US6513543B1. Another Zurn patent; this one is a dual orifice
showing more taps that we will be utilizing for access to pressure data points along the length of the
fitting. [17].
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Abstract

This document represents the Preliminary Design Review for a Flow Data Acquisition System designed
for Zurn. This document describes the process our team took in ideation, concept development, design of
a concept prototype, and justification of our proposed model. Ideation allowed us to generate a plethora of
solutions to Zurn’s data acquisition problem. Following ideation, we created a physical model of our
early-stage design to detect and address any flaws and safety concerns that could arise. We focused our
component research on four main aspects of the system: pressure sensors, water-resistant casing,
microcontroller, and output display. We narrowed down ideas to a few specific products that we intend to
proceed with for our initial design direction. Our team developed a concept prototype to prove we can
collect pressure data using a microcontroller and pressure sensor. Specifically, we purchased an Elegoo
Uno microcontroller and used it in conjunction with Phoenix/Prosense pressure sensors provided by Zurn.
Testing of this prototype was completed using a garden hose and a provided Zurn backflow preventer.
This testing was largely successful and provides us with concrete evidence that we can scale up our
design to include as many sensors as we desire. Our next steps include generating a list of purchases that
we intend to make for our product, as well as providing an in-depth analysis of each subsystem to
determine their final specifications.
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1. Introduction
This Preliminary Design Review (PDR) contains the Development, Design, Justification, and
Management of the 2021 F15 Flow DAQ Senior Project. The project goal is to create a data acquisition
system for the engineers at Zurn to help them expedite their testing and research processes. If time and
budget allow, we will then direct our attention to automating the flow rate of the system. Since our Scope
of Work, we have established that our main priority is creating a DAQ that collects and outputs flow
characterization data. Of our sponsors' desired features, automating the flow rate is a higher priority than
Wi-Fi connectivity. This report details the Concept Development methods used for ideation and
controlled convergence as it relates to this project, as well as the results from this convergence. General
sensor, housing, display, and microcontroller selections were made using a Pugh matrix and presented
within the team following controlled convergence. From these selections, a Concept Design was created
and tested. This provided justification for a scaled-up design that we intend to create, which is goes into
further detail in the Concept Development section. Test results from the Concept Design prove that a
scaled model can be created and implemented that will meet Zurn’s needs. A Project Management section
details the steps that we intend to take next. Some of these steps include creating a list of future purchases
that we will be making, as well as an in-depth analysis of subcomponents to determine their final
specifications.
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2. Concept Development
Concepts and ideas were generated over the course of multiple ideation sessions. During these sessions,
techniques such as brainstorming, worst-possible-ideas, and How-Might-We questions were employed to
generate the greatest number of ideas possible. A full record of all ideas generated is included in
Attachment 1.
The most fruitful ideation technique for our group was How-Might-We questions, followed by recording
our ideas onto a whiteboard. The main questions we discussed are listed below:
•
•
•

How Might We read fluid system data?
How Might We store data after reading it?
How Might We package our system?

In previous meetings with our sponsor, Zurn expressed a need for our system to be accurate, modular, and
water-resistant. When analyzing our ideation techniques in combination with our sponsor’s desires for the
system, our main takeaways from the ideation process are as follows:
•
•

•

The best method of reading system data is through the combined use of transmitters. Transmitters
are devices that convert a physical quantity, such as pressure, temperature, or flow rate into an
electrical current that can be taken in and processed by a computer system.
The use of a microcontroller will be integral to our design for processing transmitter data. A
microcontroller is a small computer system that performs one specific task. This microcontroller
will interface with transducers to take in data and write the values onto an SD card or upload
values through wireless communication technology such as Wi-Fi or Bluetooth. Microcontrollers
will allow us to convert signals from the transducers into pressure, temperature, and flow rate
values.
Packaging our system will be one of the only physical design components of our project. The
casing we choose will need to be able to withstand water splashes and protect the internal
components.

These individual components will be integrated together to create our complete system. Because our
project is so programming-heavy, we used ideation model creation to develop our idea of the best casing
for our application. Due to the software-based nature of our project, we decided to create one detailed
casing ideation model rather than building many simple casing models. Figure 1 shows an overall photo
of the ideation model with additional photos in Attachment 2.
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Figure 1. Ideation model of the casing that will protect our microcontroller from water and particle
ingress. Inside the casing will include a microprocessor and circuit setup.

This singular ideation model provided good insights regarding our build. Our main takeaways include the
following:
•
•

•

•

At all wire entrance points into the casing, waterproofing will be required. Whether we purchase
a custom box or build one ourselves, using a gasket or wire seal will be required to prevent water
ingress.
The microcontroller and all other electronic components will need to be secured to a surface
inside the casing. This may be a component we purchase, or we may manufacture it ourselves,
depending on the number and fastening methods available on the electronic components we
choose to include.
During the final assembly of our system, we will be working with numerous electrical
components which will be housed in our casing. To make installation and any future maintenance
easier, we intend to design a 3D printed board to which we can secure all our electronics. This
board will be installed as one unit containing all our electronics, rather than installing several
different electronic components individually.
Our sponsor’s laboratory has requirements that all electrical systems be protected by an IP 66 (or
higher) rated enclosure. IP, or Ingress Protection, ratings can be simply explained as an
enclosure’s ability to prevent solids and liquids from entering the casing [1].

2.1 Design Direction Process
Based on our ideation model and analysis of its functionality, each team member took a different howmight-we question and applied controlled convergence using a Pugh Matrix. In this matrix, top methods
and products are analyzed and compared against a datum for several different system parameters. Pugh
matrices were centered around four different subjects: pressure transducers, microcontrollers, casings, and
output display modules. Each Pugh Matrix used in the process described above is included in
Attachment 3.
As an overview, Table 1 lists the concepts we have initially chosen from each Pugh Matrix. Further
explanations on each design concept will be explained below. It is important to note that we are moving
forward with these products for our concept prototype, but as we progress, we may see that other
concepts will be more suitable for our final design.
Table 1. Design direction selection for each subsystem.
Sensor
Phoenix PPT81-2-500G11
Casing
Home Depot Model (IP 67)
Microcontroller
Elegoo Uno Rev3
Output Display
TFT/LCD Screen
2.1.2 Sensor Selection
A variety of sensors were analyzed using a Pugh matrix. The datum product is a sensor that is currently
owned by Zurn, made by Phoenix Sensors [2]. This sensor possesses a 0-200psi range and outputs current
at a range of 4-20mA. Other sensors analyzed were Prosense [3], Johnson Controls [4], TE Connectivity
[5], and Dwyer sensors [6].
For our concept prototype, we used the Phoenix PPT81-2-200G11 pressure transmitter, as it was provided
to us by Zurn. From our product research and Pugh Matrix analysis, we are planning to move forward
with the same Phoenix PPT81 sensor, but our purchased sensors will possess a 0-500psi pressure range.
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The Pugh matrix that was used for making this decision, as well as other selection decisions, is included
in Attachment 3.
The Phoenix PPT81 is more than sufficient for our needs. This sensor features a ±1% error, 500psi max
pressure, 4-20mA output, and 4.5v operating voltage. All of which are compatible with most
microcontrollers on the market.
2.1.3 Casing Selection
Our team’s research in the casing market was focused on determining which casings met the level of
ingress protection (IP) is required for our application. A container rating of IP66 is required for any
container to be considered feasible. Casing manufacturers such as Home Depot, OKW, Polycase, and
Fibox were included in this analysis.
Our decision to use a Home Depot generic casing was driven by its affordability and ease of access. Since
our concept prototype will have no casing, this decision only affects our final product.
This Home Depot project casing provides an IP rating of 67, which is higher than the standard that is
required. It also comes in multiple sizes that we can tailor to our specific product. Other casings that are
very similar to this are available through other retailers.
2.1.4 Microcontroller Selection
Microcontroller research explored microcontrollers created by three companies: Arduino, Nucleo, and
Particle. Our team purchased an Elegoo Uno, which is an Arduino Uno clone, for our concept prototype
and used it as the baseline datum for our Pugh Matrix. Another Arduino microcontroller evaluated is the
Arduino Mega, which is a scaled-up version of the Uno [9]. Nucleo’s STM32 microcontroller family
features 27 unique microcontrollers, each with their own distinct characteristics [10]. Due to limited time,
not all 27 were investigated; rather, the entire STM32 family was considered as one option. Particle’s
development board equivalent to the Arduino Uno is the Particle Argon [11]. These three boards were
compared against the Arduino Uno in a Pugh Matrix, which can be found along with descriptions of
comparison criteria in Attachment 3.
The Elegoo Uno Rev3 was purchased for our concept prototype for a variety of reasons, with the two
most significant being ease of accessibility and expansive community support. Rather than ordering a
microcontroller and waiting for shipping times, we purchased a starter kit from Coast Electronics, a local
electronics shop in San Luis Obispo. Moreover, the Arduino language is extremely well documented and
easy to pick up for beginners. Helpful resources and threads can be sourced from a variety of websites
and can help solve almost any problem most beginners encounter. With regards to other criteria for
microcontroller selection, the Elegoo Uno features 14 general input/output ports (GPIO), 0-5V operating
voltage range, and the ability to connect to Wi-Fi or Bluetooth through external modules. For our concept
prototype, this microcontroller more than fulfills our needs.
Because our final deliverable will require more rigorous microcontroller performance, more research and
testing will be conducted to determine whether the Elegoo Uno can fulfill our sponsor’s desires. Until
further decisions are made, we will be proceeding with the Elegoo Uno Rev3.
2.1.5 Output Display Selection
An important part of this project is properly displaying the data that Zurn needs. Our first priority is to
store the data so Zurn can process the data for comparison to pressure standards after running a test.
However, this section is more focused on how to display the data within the lab, as we know that Zurn
would benefit from having live data display features as they are performing a test. The concepts
considered were a high-end TFT screen, LCD screen, excel combined with an SD card, excel SD card
with a simple LCD screen for live output, Particle.io display, and manual data collection.
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The Liquid Crystal Display (LCD) and Thin Film Transistor (TFT) display types seem most suitable to
our project. A high-end TFT screen displays millions of clear, colorful pixels which would be perfect for
displaying plots and data pints [12]. The screens can create any live plot we program for it, and are a
seamless way to organize data. Common applications of these TFT screens are in smartphones with touch
screen capabilities, HDTVs, and car center displays. LCD provides similar capabilities, yet TFT has
slightly better resolution. Whether we go with TFT or LCD will depend on the advantages of specific
model types relative to our selected microcontroller. While our final design will likely use a high end
TFT/LCD, our concept prototype uses a simple LCD to demonstrate an Arduino’s ability to communicate
with a display screen.
2.2 System-Level Concepts
For the scope of our project, a system-level decision matrix is not required. Through conversation with
our sponsor, we are confident that the entire system will include a series of sensors that interacts with a
microcontroller to read and interpret flow data. This is the desired system, so system-level decision
matrices and alternate system-level concepts were not explored during our concept development. Our
component-level matrix justification is outlined below.
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3. Concept Design
Our chosen design is a fully functional data acquisition system that can handle six pressure transmitters,
three temperature transmitters and one flow transmitter to fully define the flow characteristics required to
develop the data Zurn uses in their product development. All these transmitters are to operate
concurrently off a 5V source that is provided by the Arduino. We plan to use resistors or off-the-shelf
current-voltage converters to process the signals such that the Arduino can read them. To protect the
sensitive electronics we will purchase a casing to mount the electronics inside of. To allow the user to
read data during a test and to indicate which sensors they would like to use, we will develop and
implement a user interface (UI). This may include a small screen which could display plots of signals
versus time as they are being collected. It will allow the user to select from a list which sensors they are
using in which input ports so that the system applies the correct calibration data to each sensor.
For our concept prototype we built a simplified version of our overall concept design. We connected a
PhoenixPPT81-2-200G1 pressure sensor to an Elegoo Uno Rev 3 to acquire and output pressure data
through a backflow preventer. Pressure data was displayed in both the Arduino integrated development
environment (IDE) serial monitor and through an LCD screen wired to the power source and output pins
of the Elegoo. To ensure our processed pressure data was accurate, we compared the sensor data to an
analog pressure gauge connected at the same point along the backflow preventer valve. The goal of our
concept prototype was to prove that the system we have described thus far can take data from the valves
produced by Zurn. To expand upon this prototype, we can begin adding more sensors, thermoprobes and
flow meters to the design.
Items we received from our sponsor include the following:
• Zurn Wilkins Double Check Backflow Preventer 350XL
• Analog Pressure Gauge
• Phoenix TransPPT81 Transmitter
• Prosense PTD25 Transmitter

Figure 2. Arduino, LCD, Phoenix Transmitter Circuit Setup
The function of our design consists of a properly set up circuit board and an Arduino script that converts
analog pressure sensor readings into a calibrated pressure value. Within the circuit board, the Elegoo
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supplies 5V to the pressure sensor and the LCD screen. The powered Phoenix pressure sensor sends a
current through a shunt resistor which is then sent to ground. The Elegoo records the voltage at the
beginning of the resistor to pin A0 and the end of the resistor to pin A1. The Arduino script takes the
difference between analog values at pins A0 and A1 and calculates a voltage difference. This difference is
used to calculate current via Ohm’s Law through a 220 Ohm resistor.
Finally, the current measurement is linearized into a ratio along the minimum to maximum sensor current
spectrum (4 to 20 mA) and is multiplied by the Phoenix maximum pressure output of 200 psi. After all
prior conversions, the LCD output is a calibrated gauge pressure reading at one location along the
backflow preventer valve. A printout of our Arduino sketch is shown in Attachment 5 and an in-depth
CAD depiction of our circuit board, including the wiring of the LCD to Arduino, is shown in Attachment
6.
We created a concept prototype to prove to the sponsor that such an objective was possible and within our
capabilities. Our concept prototype is a fully functional data acquisition system for one pressure
transmitter that can be powered by a 5V source. Our concept prototype demonstrates our ability to capture
pressure sensor data, calibrate it, and output it on some LCD screen. It also demonstrates our
understanding of how to wire a transmitter and an LCD screen to a microcontroller. At this point it seems
intuitive to add more sensors to system as each one requires the same code and circuit setup, yet we are
unsure whether several microcontrollers will be necessary for more ports. We planned on adding the
Prosense PTD25 transmitter to the circuit, but we realized that our Elegoo does not provide enough power
at 5 V as the Prosense requires 9.6 V. Any future pressure sensor requiring more than 5 V to power will
need an external power supply or a higher-powered board.
Furthermore, we have not yet decided which microcontroller we will use for our final deliverable. An
Arduino board seems likely based off our Pugh matrices, but further research and analysis will be
conducted on Nucleo or Particle.io to decide whether there is a benefit of adding more ports, making
programming easier, or changing to Particle output display. We also have yet to decide on which specific
LCD/TFT screen will be best suited for our output display. Our team also needs to address storing data,
whether it is an SD card connected to the microcontroller or a Bluetooth/Wi-Fi stream of data.
Additionally, while our final product will be enclosed in a waterproof casing, for this concept model the
casing will not be included. Yet, the working concept model demonstrates a significant milestone in
which we have created a DAQ for pressure through a Zurn Wilkins backflow preventer.
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4. Concept Justification
The following section provides evidence that indicates that our concept and design direction will meet the
project goals. Through our real-life test setup, analysis of existing products like ours, and conversations
with various professors, we are confident that our product will be successful.
4.1 Testing
For testing, we attached our concept prototype to a Zurn Wilkins Double Check Backflow Preventer. This
system was connected to a garden hose, and we varied the pressure through the preventer by opening and
closing the valve. These pressures were measured using our DAQ.

Figure 3. Backflow Preventer and Analog Gauge Used During Concept Testing

Our concept prototype serves as proof that a microcontroller, such as an Elegoo Uno, can indeed display a
pressure reading from a current output pressure transmitter. The Arduino sketch processed current outputs
and used an estimated calibration curve to convert current to a pressure. We also outputted the Arduino
sketch data onto an LCD in real time. Adding a more complex display system is something we will
investigate for the Critical Design Review, but we have proven we can establish communication between
a microcontroller and an LCD.
At maximum pressure through the hose, the analog pressure gauge read 50 psi, whereas our DAQ
outputted 41 psi. Discrepancies between the analog gauge output and our transmitter data are because we
haven’t recorded enough data points to fully calibrate the Phoenix sensor. Finding a hose that can output
more than 50 psi through the backflow prevention valve will provide us with a way to establish reliable
calibration for our system. Below is a plot of our pressure and current recordings and LCD output as we
increased flow rate through the backflow prevention valve. We calculated continuous pressure
measurements that seemed reasonable without fully calibrating the sensor.
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Figure 4. Phoenix sensor pressure [psi] and current [mA] data as flow rate is increased through backflow
prevention valve.

Figure 5. LCD screen output as flow rate increased through backflow prevention valve.

As far as our data analyzation process, measuring the current output of the transmitter by reading the
voltage drop across a shunt resistor was a reliable method. When more sensors are introduced, we have a
plan to simplify the circuit to avoid cluttering, such as implementing a current to voltage converter for
each sensor. Doing so decreases the number of microcontroller ports required for each sensor from two to
one.
4.2 Existing Products Research
Microcontrollers such as Arduino have been used for several complex data collection problems. When
researching different methods to create a DAQ system we wanted to ensure that a microcontroller system
would be capable of high frequency, accurate data collection. Several more complex data collection
systems used the Arduino microcontroller, giving us confidence that a microcontroller will work in our
project. For example, NanoSatisfi created an ArduSat that uses an Arduino to collect various data such as
pressure, temperature, and GPS data on a satellite in space. Another company has developed an
9

unmanned aerial vehicle (UAV) using Arduino Mega “which is able to control independent multicopters,
fixed-wing aircraft, traditional helicopters and ground rovers” [13]. Clearly microcontrollers are suitable
for many complex engineering problems like ours and can create a DAQ system with a high-level output
display system.
Additionally, we have observed known examples such as Kai Meter’s test stand and Matt Guise’s model
that use microcontrollers to process their pressure data. Furthermore, Dr. Ghalamchi demonstrated his
system for the Two Tank controls lab that used Arduino to record pressure sensor data from each tank and
plot it live using Simulink.
4.3 Safety concerns
In our system, there aren’t any moving parts, thus eliminating many of the typical safety concerns that
come to mind for a mechanical engineering project. Rather, our system has mainly electrical safety
concerns. Our pressure transmitter outputs current on a range of 4-20 mA. Based on an article on Science
ABC [14], this is enough current to cause loss of muscle control. In other words, the body part exposed to
this shock will seize up. If this body part is a hand gripping the electronic component, the user may be
unable to drop the component due to this seizing effect. Our team will be required to design safe electric
connections that are isolated from any locations a user may be required to access during operation. This
requirement applies to signals being collected and to the lines powering our system, whether they run
from a battery or from and AC wall outlet.
The environment our product will be used in is typically very wet. This does not bode well for most
electronic components, which gives rise to the need for a waterproof enclosure. Our enclosure will be
selected and modified to ensure its ingress protection against water.
Another concern is that our container may fall and strike an operator. The system is not projected to have
a significant amount of mass, but this may still cause bruising. Zurn Wilkins’ lab requires its engineers
and technicians to wear steel toe boots during any tests, so this concern is minor.
All these concerns are listed in the Design Hazards table, included as Attachment 7.
4.4 Challenges, Unknowns, and Concerns
The main challenges our team faces over the next phase of design development are associated with the
user interface for our system and the system’s ability to control flowrate. We have already shown that we
can collect data from a transmitter but scaling this to incorporate several different sensors will certainly be
challenging. Designing a user interface with which a user can interact will also be tricky as none of our
group members have prior experience with this type of task. This will be a programming and hardware
integration challenge, as there will need to be code that operates an output display while monitoring input
switches or touch pads for user interactions. None of these challenges have caused significant concern yet
and we are confident that our team will achieve these goals in the detailed design phase.
Perhaps the most significant challenge we face is controlling the flowrate through the system. This “want”
incorporates control system design, a process which proved to be quite tricky in our control systems
course. This problem also requires the study of a flow-restricting valve and how that type of valve
interacts with the fluid system. The valve will also have certain electrical characteristics which will need
to be studied and integrated to our chosen microcontroller. After the system has been integrated, a
complicated process to characterize the system parameters will take place. This all leads up to the
development of control logic that will need to be programmed. Testing and verification of such a system
will also be time consuming. The flow control is the task we are least confident in completing throughout
the course of our project, yet it is also the “want” that is desired most by our sponsor. Currently, we are
focusing mainly on the data collection and user interface aspects of our project. Future reports will update
any change in our outlook on the completion of the flow control task.
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5. Project Management
In the next three months, our group will complete our detailed design phase. During detailed design, the
team will perform more in-depth analysis of each subsystem and determine final specifications for all
components. Significant analyses may include a full analysis of the circuits formed by each sensor and the
serial ports reading data from them or structural optimization of the backing plate designed to tie all the
electronic components together. A full schedule of our future plans can be found on our Gantt Chart in
Attachment 9.
Table 2. Project Milestones and their expected completion dates
Date

Milestone

1/21/2022

Major Component Selection

2/11/2022

CDR Submission

5/17/2022

DVPR Signoff

6/3/2022

Final Submission

5.1 Design and Programming
During the early part of winter quarter, we plan to make final selections for all major components. These
include the microcontroller, all sensors, any auxiliary electronics required for signal conditioning, user
interface hardware, and the casing. Due to the nature of our project, we do not anticipate to manufacture
any critical components. Rather, we will assemble off-the-shelf products to form our deliverable system.
For the programming of the microcontroller, Arduino IDE is utilized to compile the code we plan to
write. Thus far we have managed to gather and display the pressure of a single transmitter in Arduino
IDE, so the scaling up of code should be manageable and include a fair amount of copy/pasting. After
this, we plan on creating a user interface where Zurn engineers can pick and choose which ports they
want to use, as well as how data is displayed on a screen. The main purpose of this system is to output the
data into a usable form, so programming that process will be a priority.
5.2 Purchases
While the full list of components is yet to be determined, we do know several of the purchases that we
will need to make. We will need to purchase high-pressure transmitters and temperature probes that will
mate with the quarter inch taps which are included on all Zurn Wilkins fittings and test equipment. Due to
the rigors of Ingress Protection certification, our casing is also a component that will be purchased. Once
we determine exactly which electronic components we will be using, we will choose and purchase a
properly sized casing to provide adequate space to install all components. After working with the wiring
of just one pressure transmitter in our concept prototype, we are exploring different methods that would
allow us to reduce the amount of wiring that we must include in our assembly. One such alternative is
designing and ordering a custom printed circuit board (PCB). A PCB would greatly simplify the assembly
process, but it would also decrease the modularity of our system, as there would be no option to add input
ports at a later date. The inclusion of a PCB would also add a significant amount of design work, as PCB
design is a complicated process typically reserved for graduate courses. It is also possible that our team
may choose to use a different type of microcontroller in our final design. More thorough analysis will
need to be performed to determine which microcontroller best suits our sponsor’s needs.
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5.3 Assembly and Testing
Once we have sourced all components deemed necessary, we will begin our assembly and testing phase.
The assembly process will have three main components: structural, electrical, and programming. On the
structural side, our chosen casing will need to be modified to allow wires to pass through the casing wall.
We will also need to manufacture the base which holds all the electronics in place. These steps must be
done with the waterproof rating of our product in mind. All modifications to our purchased casing will
need to include a safeguard against water ingress. The electrical system will be more challenging to
assemble than the structural system due to the number of sensors we need to accommodate. Since we
have not yet identified which components will be used, it is hard to elaborate on the exact assembly
process, but it will likely involve a fair amount of wire management and trial-and-error when determining
the arrangement of the components involved. Perhaps the most challenging portion of our assembly will
be developing the program which will run the microcontroller.
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6. Conclusions
Multiple sessions of ideation allowed us to brainstorm a copious number of ideas. These ideas were
generated using methods such as Brainstorming, Worst-Possible-Ideas, and How-Might-We questions.
From the list of ideas, we hand-picked the most feasible and practical concepts as those that we would
like to pursue further. After this, a single ideation model was created to showcase features of our intended
design. Because our project is programming-heavy, we opted to create a single ideation model in lieu of
many simple boxes without many features. From this single model, we discovered numerous flaws that
will have to be addressed, such as water ingress points that will have to be protected.
Controlled convergence allowed our team to taper down the ideas that we generated. Each member of the
team was given a project subcategory and was tasked with finding the leading product or component for
our project. Once each team member chose the best component for the prototype, the choice and its
justification were presented to the rest of the team. Following controlled convergence individual pressure
sensors, microcontroller, electronic housing, and output display were chosen as products to pursue during
our concept prototype.
Prototyping included the purchase of an Arduino microcontroller kit as well as receiving Prosense and
Phoenix pressure transmitters and a backflow prevention valve from Zurn. The concept prototype was
then created and tested using a hose bib. The concept prototype proved that we could measure the currentoutput signal from pressure transmitters and convert them to a voltage signal. Our test also proved that
this signal was proportional to the pressure applied to the sensor. This voltage signal is then read by the
Arduino and plotted in software. This demonstrates that we can take rudimentary pressure readings from a
single transducer and display them on a graph as well as an LCD screen. From this we can scale the
system up to include as many sensors as we want.
As next steps, we plan to provide an in-depth analysis of each subsystem to determine their final
specifications, as well as a list of all the products we will need to purchase for the project. Design and
ordering of a PCB will likely be the direction that we will pursue for the final product. Once we source all
the necessary components, we will move on to the final build and testing phase of the project. Here we
will ensure that all flaws discovered in the ideation model are taken care of.
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8. Attachments
8.1 Attachment 1. Full Ideation Results.

1-1

1-2

8.2 Attachment 2. Ideation Model

2-1

8.3 Attachment 3: Pugh Matrices
This attachment goes into detail on our controlled convergence process in which we eliminated
suboptimal solutions to each of our subsystem-level problems.
Pressure Sensors

Criteria

Datum:
Phoenix
PPT81

Accuracy
+-0.15%
Pressure Range
0-200psi
Temperature Range
-20 - 125C
Wireless
No
Current or Voltage range 4-20mA
Analog or PWM
Analog
Price
0$
Σ (+)
Σ (-)
Total Sum
0

Johnson
Dwyer
Controls
Prosense
MNPT
SAE
PTD25
Pressure
Pressure
Transmitter
Transducer
0
0
0
0
0
0
2
-2

0
0-4.5V
0
0
4
-4

+
0
0
0
1
3
-2

TE
Connectivity
M5600100016035BG
+
+
I^2C Protocol?
?
2
3
-1

Phoenix Prosense
PPT81- PTD25110500G11 0500H
0
+
0
0
+
0
2
1
1

+
0
+
0
2
3
-1

Our Pugh Matrix criteria included sensor accuracy, pressure reading range, operating temperature range,
wired versus wireless function, output type range, and price.
The engineers at Zurn Wilkins measure pressure drops along their backflow preventer valve to ensure that
each valve adheres to ASSE minimum pressure drop standards. Thus, the sensors used to measure this
pressure must be sufficiently accurate. Fortunately, each sensor analyzed will provide enough accuracy
for our application, but the most nominally accurate sensors are those made by Phoenix.
Pressure reading range is important for our sensor selection for various reasons. Zurn Wilkins possesses
0-200psi sensors, but some backflow preventers tested run at pressures up to 450 psi. Thus, a sensor that
can read pressures from 0-500psi is desirable.
Operating temperature range is a criterion that holds more weight when measuring pressure across
temperature-actuated mixing valves and temperature limiting devices. For standard backflow preventer
tests, the water running though the pipes is at or near room temperature. However, because our sponsor
would like a modular device, being able to operate at extremely hot and cold water temperatures is
essential for other valve tests.
While Zurn Wilkins has provided us with ample 0-200psi sensors, all the sensors that we currently have
are wired. Our research explores the viability of wireless sensors for our pressure collection process that
are powered by batteries and stream data to the microcontroller via Wi-Fi or Bluetooth. While most
sensors are wired, obtaining wireless sensors would “clean up” and simplify the connection process
between microprocessor, casing, and sensor. This would be especially ideal in scenarios where multiple
sensors are used in combination with temperature and flowrate sensors.
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The next criteria evaluated in our Pugh Matrix is sensor output type and range. From our research, we
have concluded that current output is ideal for transmitting information over a distance, like what we
would be doing. Voltage outputs are more susceptible to noise interference, and the signal itself can
degrade due to cable and wire resistance. Current output delivers complete and accurate pressure readings
from the transmitter to the DAQ. For current-outputting sensors, the most common output is 4-20mA
analog signals. If a wireless sensor is to be selected, then voltage output is desirable because
microcontrollers accept voltage inputs, and the signal will not have to travel through a cable.
As far as price is concerned, each sensor purchased will be more expensive than our datum since our
datum is the sensors that Zurn Wilkins already has provided us. We will be provided flow rate sensors by
Zurn Wilkins. For our largest pressure reading, four pressure sensors will be required. With a budget of
$6000, price will likely not be a limiting factor in our pressure sensor selection.
After the Pugh matrix, was created, it was clear that a Phoenix sensor was the ideal choice. This
company offers sensors of all different types of max pressures, output signals and input power. Some of
the reasons that these Phoenix sensors were chosen over other ones is because these sensors are the most
accurate over the other sensors, and that Zurn is already familiar with these sensors and their wiring
setups. For these reasons, we are opting to move forward with Phoenix PPT81-2-500G11. This sensor
has a max operating pressure of 500psi, outputs 4-20mA current signals, has a ¼" external thread and
reads gauge pressure as opposed to absolute pressure.
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Microcontroller
Particle i/o
Argon

Nucleo
STM64
Boards

Arduino
Mega

Expansive

-

-

0

14 (6pwm output)

+

+

+

0-5V

-

0

0

Purchase Additional Module

+

0

0

Must Program

+

0

0

Yes

0

+

0

$23.00

-

+

-

Σ (+)

3

3

1

Σ (-)

3

1

1

0

2

0

Criteria
Datum: Arduino Uno Rev 3
Community Support/ Support Network
number of input/output ports
Input Voltage Range
Ease of Wi-Fi/Bluetooth Connection
Ease of Data Visualization
Open-Source Program-Compatibility
Cost

Total Sum

0

The first criteria used to evaluate microcontrollers is community ecosystem and support network. Because
of Arduino’s widespread popularity, the expansiveness of the Arduino network surpasses those of the
Nucleo and Particle development boards.
Number of input and output ports is also very important for our system. As requested by the sponsor, the
DAQ must handle inputs from at least six pressure sensors, three temperature sensors, and one flow rate
sensor. The Arduino Uno features 14 general input/output ports (GPIO), and each microcontroller tested
surpasses this value. The Particle Argon possesses 20 GPIO, Nucleo STM32 boards possess at minimum
32 GPIO, and the Arduino Mega possesses 54 GPIO. If the Arduino Uno is not sufficient for our project,
then other microcontrollers have more pins for our system.
Another criterion evaluated is the input voltage range for the microcontroller ports. The Arduino Uno,
Mega, and Nucleo boards all feature input voltage ranges from 0-5V. The Particle Argon has a smaller
range, from 0-3.3V. Having a wide input voltage range is desirable for scaling purposes due to the wide
range of pressures being read. Wider voltage ranges ensure that even small changes in pressure can be
reflected by changes in voltage reading on the microcontroller.
One criterion where the Particle development boards shine is ease of Wi-Fi and Bluetooth connection.
Particle development boards are Wi-Fi enabled out of the box, and can easily connect to Particle.io, an
Internet of Things (IoT) platform that is used worldwide for a variety of use cases. For our project,
Particle.io would be used to receive, save, and plot pressure and flow data from the sensors. The other
development boards require external modules and take time to set up and program internet connection.
The IoT capability of Particle boards can also greatly improve the ease of data visualization. Our sponsor
has signaled a desire for the DAQ to automatically generate flow curves and using Particle.io could allow
us to do so. From our current research, outputting flow curves from the Arduino and Nucleo
microcontrollers will be more difficult to achieve this feat.
Program compatibility is also something to consider when selecting a microcontroller, and in this
criterion the Nucleo development boards gain the advantage. The Arduino Uno and Mega are most
naturally used with the Arduino language, which is based off C++. Particle development parts utilize C++
as well in its programming language. Nucleo development boards are unique because they come with the
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STM32Cube software package, which seamlessly works with a wide variety of development
environments. It is easy to integrate Python, C++, the Arduino language, and many others with Nucleo
development boards. For modularity and maximum freedom of programming language selection, Nucleo
STM32 development boards are a winner.
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Display Output

Criteria

Live Data Output
Water Resistant
Generates Flow Curves
Usable Outdoors
Displays Q, T, P, and t
Aesthetically Pleasing
Compatible with
Microcontroller
Ease of Use
Σ (+)
Σ (-)
Total Sum

Small LCD
screen with
Excel auto
population

TFT
Screen

+
S
+
-

+
+
S
+
+

-

S

S

2
5
-3

+
3
3
0

+
5
1
4

Datum: Auto
populated Excel
Tables from SD card

Particle
I/O
interface

LCD
Screen

Post Data Collection
In Housing
Post Data Collection
Location Independent
Excel Functions
Excel

+
+
+
+
+
+

+
+
0
+
+

Manual
Input
into
Excel
+
+
0
-

Any Controller

-

0

Manual Input

+
7
1
6

+
5
1
4

0

The first criterion is a measurement of how well the display methods print relevant plots and data in the
lab as the test is being performed. The live display would print all the necessary plots at once, and can
easily be viewed from each testing area in the lab. The datum for comparison was using an SD card to
export data to excel, which has no live output features.
The next criterion is water resistance. The display must withstand water splashes or be far enough from
the test stands that no water can reach it.
Another criterion is that the display can print all relevant plots and data pints including flow rate,
pressure, temperature, and time in some tests. Excel is our datum, which can easily plot any metric an
engineer specifies. The display method must not sacrifice the practicality of excel.
The next important criterion is that the display is modular enough to be moved around the lab to each
testing area. We want Zurn to be able to use the same display system at every single testing area in the
lab.
An interesting criterion was that the display system was compatible with our chosen microcontroller.
After weighing the six concepts against all criteria, the Particle.io display system well outperformed other
concepts because Zurn engineers can view any live plot/data point on their phone. The particle.io
interface is already well-developed as the plots are aesthetic and update in real time. Zurn engineers can
also see the data on their phone in the lab or on their desktop back in the office. However, this method
requires we use a Particle.io microcontroller such as Photon or Argon, but at this point we are leaning
towards the advantages of Arduino or Nucleo. For that reason, the LCD/TFT route appeared to be the best
display option.
We envision that Zurn engineers can select which sensors they want to use by touch on the screen and
swipe the screen for different data points and plots. Our team’s job will be protecting the screen from
water, implementing the code to display data on a competitive level with Particle.io, and finding a screen
compatible with our microprocessor.
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Casing

Criteria
Waterproof Rating
Hinged Lid
Weight
Size
Cost
Confidence in
Performance
Material
Lead Time
Σ (+)
Σ (-)
Total Sum

OKW
IP67
No
617 g
6.4x10x3.5
Requires Quote
High
ABS, PC
Long

0

PolyCase FIBOX
0
+
0
+
+
+
+
0
0
+
4
2
2

0
0
+
3
1
2

Home Depot
0
+
+
+

Custom Design and
3D print
+
+
+
+

0
+
4
2
2

0
4
3
1

The first digit in an IP rating describes an enclosure’s ability to keep solid particles out. As the rating
number increases from 1-6, the size of particles able to breach the casing shrinks. The second digit
describes an enclosure’s ability to keep liquids out in different methods of exposure, ranging from 1-8. In
Attachment 4, we have included a table describing each digit for solid and liquid protection. For our
purposes, since we expect our device to be used near high pressure lines, powerful water jets may hit our
container in the case of a failure. Based on the definitions of IP ratings found online, a container rated to
IP 66 or higher will suffice [1].
The second concern when narrowing down our casing options was the features included with the
enclosure. Based on our ideation model, we knew that a hinged lid would be ideal for easily accessing the
internal components of the system. We also determined that a backing plate to mount electronics on
would greatly simplify the assembly process. This also makes the design more accessible for future
modifications.
Finally, we analyzed different vendors and their products, as well as the services they offer. Many casing
manufacturers offer custom machining prior to shipment. This would allow us to obtain a casing with
holes for our wires pre-cut into the product but would also add significantly to the lead time and cost of
the container. We have elected to source a stock container and perform any modifications necessary by
ourselves. To retain the enclosure’s IP rating, we will need to install wire pass-throughs that also meet the
IP 66 rating standard. An example of such a connector was found easily online [7].
Our casing will need to be properly sized to allow easy installation of all components but also be easily
carried around the laboratory by one person. Once we have determined what electronics are necessary, we
can move forward with selecting an appropriate size for the enclosure.
During a test, it may be beneficial to the user if the casing includes some sort of securing mechanism. We
have envisioned a flexible tripod like those commonly used to position cameras and phones for
photography and video filming [8].
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8.4 Attachment 4. Ingress Protection Ratings Explanation
Table 1. Definitions of Ingress Protection XX rating values. The first digit describes the enclosure’s
protection against solid objects, and the second digit describes the enclosure’s protection against liquids.
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8.5 Attachment 5. Arduino Sketch code used to display current/pressure
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8.6 Attachment 6. Concept Prototype CAD images
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8.7 Attachment 7. Design Hazards
Table 1. Design hazard descriptions and corrective actions
Description of Hazard
Fall Hazard

Electrical Systems

Battery Energy Storage

Environmental
Conditions

Unsafe Use

Planned Corrective Action
Planned Date
Actual Date
Include section in our instructions manual on 05/24/22
securing the system before any test is run.
This will eliminate any risk of the box
housing our computer components falling and
injuring an operator.
Use proper wiring practices when assembling 04/26/22
our system and include section in our
(wiring)
instructions manual warning users of the
05/24/22
possibility of electric shocks when using our (manual)
product.
Our system will be designed to operate off
04/26/22
either battery power or AC power from an
(battery storage)
outlet. Either system will require
05/24/22
design considerations to ensure that the
(manual)
power delivery system is safe. The instruction
manual will include a section warning the
user of the risks of coming into contact with
the electrical connections. This section will
likely be grouped with the Electrical Systems
section.
Our product will need to withstand a wet
04/26/22
working environment. Specifically, the
(enclosure)
enclosure housing the electronics will need to 05/24/22
be rated IP 66 or higher. This ensures that no
water can make its way into the enclosure
and harm the electronics inside.
The instructions manual will include a
04/26/22
section on how our product should and
(support
should not be used. Unsafe use cases could electronics)
range from not securing transducers, leaving 05/24/22
exposed wires unchecked, and not properly (manual)
supporting the electronics enclosure during a
test.
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8.8 Attachment 8. Concept Test Photos
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8.9 Attachment 9. Gantt Chart
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Abstract
This document represents a Critical Design Review (CDR) for the Cal Poly F15 Flow Data Acquisition
System Senior Project. The final DAQ system will be built with a Raspberry Pi 4B, two Pi-SPi-8AI+
Analog-to-Digital Converters, an I2C LCD Character Display, and all the required cabling to connect
these components. The final DAQ’s software will be written in Python to support modularity. Prosense
low-pressure and high-pressure sensors and NoShok temperature sensors have been selected for the final
design. The system will work by prompting the user for initial input, then taking and writing data to a .txt
file for easy Excel exporting. An initial design justification test has been completed to prove that the
design will meet the basic needs specified by Zurn. A calibration test has also been completed to confirm
accuracy and precision of the sensors currently in use. These accomplishments serve as a significant
milestone as we have already met Zurn Wilkins main needs of streamlining their sensor data collection
and being able to store the data for further manipulation after a test. Additionally, we have vetted
evaluation procedures that we will use to meet all design specifications for our final design. The final
product will also include a cloud-based data service, time permitting. The final product will have to be
manufactured and assembled following directions found in the Attachments. Rigorous testing is planned
to assess sensor accuracy, code accuracy, DAQ response time and water ingress. The final DAQ system
will cost about $2500 to be built from the ground up. The next steps along with project milestones are
seen in the conclusion.
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1. Introduction
The F15 Flow Data Acquisition (DAQ) team is building a data acquisition system for the engineers at
Zurn to help them expedite their testing and research processes. This product will be used in the
hydraulics lab at Zurn, where employees test valve and fitting designs to analyze pressure data through
the valves for given flow rates. Since the Preliminary Design Review (PDR), the team has made various
design changes that we plan to implement for our final system.
One notable change made is our microcontroller selection. After conversations with a mechatronics
specialist, we decided to move forward with a Raspberry Pi 4B as our main microprocessor. Another
change comes with how our microprocessor receives this data. With Arduino, we previously planned to
purchase current-voltage converters that would send data to Arduino’s analog pin port. With our change
to a Raspberry Pi, we will now be using Analog-to-Digital Converters (ADC’s) to translate the sensor
output into a digital signal that the Raspberry Pi can understand.
This report contains an outline of the complete System Design, Design Justification, Manufacturing Plan,
and Design Verification Plan. These sections summarize the complete final design, subsystems, hardware
choices, wiring diagrams, cost breakdowns, verification tests, and manufacturing plans for the final
product. Design justifications are included to provide evidence why the product will work for engineers at
Zurn. A detailed analysis of the structural prototype is also included to show a preliminary system that
can accomplish the basic needs outlined in the project.
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2. System Design
The following section includes a detailed description of our final DAQ design. This section describes our
system operation, each component in our subsystem, and how they interact with each other to form the
final DAQ system. This section details everything from purchased components to programming, as well
as every ribbon and cable in between. Included is a reference to our indented Bill of Materials, and a cost
breakdown by each subsystem.
2.1 Overall Final Design
Power Strip
Enclosure

Hardware

Manufactured Holes

Figure 1: Isometric view of the DAQ inside its waterproof casing. Note that the hinged lid is hidden,
holes represent cable receptacles and bulkhead fittings, and wiring is not shown.
Our chosen design is a DAQ system that collects data from eight pressure sensors, three temperature
sensors, and a single flowmeter. The DAQ system will consist of a Raspberry Pi (RPi) 4B, two Pi-SPi8AI+ ADC’s, a 2x16 I2C LCD character display, General Purpose Input-Output (GPIO) Y-splitter,
electronics housing case, sensors, bulkhead fittings, and the ribbons and cables for connecting each
component together.
All electronics will be contained in a housing unit that organizes them with the use of a DIN rail. This
casing protects the DAQ system from water ingress. Cabling will pass through drilled holes in the casing
with the use of receptacles and waterproof pass-throughs. During data collection, the casing will be
located approximately eight feet from the hydraulics.
The programming interface is broken down into three class files and a single main file. There is a pressure
sensor class, a temperature sensor class, and a flow sensor class. The main file prompts the user for
distinct inputs, creates object instances of each class, and writes the data to a .txt file for later analysis.
This .txt file can be exported to Excel using its built-in comma-delimiting features. Structural Prototype
code and documentation can be seen in Attachment 1. The State Transition Diagram shown in Figure 2
is a visualization of the program implementation through time. At startup, the program enters state 0,
where the user is prompted for input. After this, the program enters state 1, where data is collected, then
state 2, where data is written. The program cycles back and forth between state 1 and state 2 until the
program run-time is reached. When this happens, the program stops collecting data and safely ejects the
flash drive.
To begin a test, the user will select which sensors (out of 12 total) they are using for the test by pressing
buttons on the I2C LCD screen. The selected sensors then need to be connected to the test article, then the
water pump must be turned on. Each sensor will respond to the system by sending a 4-20mA signal to the
ADC units. The ADC units will convert the current signal into a digital count value and send it to the RPi.
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The RPi then processes the digital value within Python, correlating the digital count value into a system
characteristic value via calibration curves. As the RPi processes the signals, it will write the data to a .txt
file located on a USB flash drive plugged into the RPi’s USB port. Once the data collection is terminated,
the user can eject the flash drive and open the .txt file on their own PC. This .txt file can be opened as an
Excel workbook on the user’s computer, displaying all time, pressure, temperature, and flow data in
columns.

Figure 2: Task Diagram on the left showing how the different program files work together and share
data. Finite State Machine on the right showing the program flow of steps within the main file.
In addition to storing the data on a flash drive, we intend to integrate a cloud storage feature. We envision
an online storage space to which our system would upload data to allow users to access the data from any
location with an internet connection. This is a stretch goal, meaning it is not critical to the functionality of
our system. Rather, this is a desired feature that Zurn Engineers would like to have, and is something we
would like to incorporate, time permitting.
2.2 Subsystems and Components
Below is a detailed breakdown of each subsystem critical to the operation of a functional DAQ system.
2.2.1 Sensors
The most top-level subsystem in our DAQ are the sensors. The DAQ system will include a total of 12
sensors: 4 low-pressure (0-200 psi), 4 high-pressure (0-500 psi), 3 temperature, and 1 flowrate.
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Figure 3: Flowmeter in use at Zurn Laboratory, Prosense pressure sensor, and Noshok Temperature
sensor that will be used to collect data from the physical system.
Zurn has provided the team with four 0-200 psi Prosense PTD25-20-200H pressure transmitters. These
sensors operate between 16-32 VDC. The ADC provides 24 volts, meaning that the sensors are
compatible with the ADCs.
For high pressure sensors, we plan to purchase four Prosense PTD25-20-500H sensors. These sensors are
the same model as the low-pressure sensors; however, these can read pressures up to 500 psi. Both sets of
pressure sensors use a 4-pin M12 “Micro” quick-disconnect cable.
With regards to temperature, we will purchase three Noshok 810--22/250-1-1-2-25-025-6 sensors. This
sensor outputs 4-20mA current, can read temperatures from -22°F to 250°F, and has a 2.5-inch long, 6
mm diameter stem. It requires a 10-30 VDC power supply and utilizes a 4-pin M12 “Micro” connector.
Zurn Wilkins also has an in-house flowmeter at their hydraulics laboratory. This flowmeter outputs 420mA current as well. It utilizes a 3-pole connector rather than the 4-pole connector that our temperature
and pressure sensors use, which will require the use of different cabling. The flowmeter is already hardwired into the electrical power grid inside Zurn’s laboratory, meaning that we will not be supplying
power to it with the ADC’s +V port.
2.2.2 Wiring
Pressure and temperature sensors will use a 4-pin M12 “Micro” connector cordset that will interface
between the DAQ and the sensors. The flowmeter cabling will use a 3-pole 7/8-inch “Mini” connector
cordset. Figure 4 illustrates a rough estimate for required cable lengths in the hydraulics lab. It should be
noted that because modularity of our system is required, these lengths represent a minimum value. Having
longer cables, while they may sometimes get in the way, will allow our system to be used in a greater
variety of circumstances. Since the sensors output a current signal, the susceptibility to signal noise is
reduced.
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Figure 4: Rough cable length estimates, as provided by our sponsor contact.
To ensure that our system goes beyond these estimates, we plan to purchase eleven 9.8-foot long M12
cables and one 32.8-foot long 7/8 cable. If these cable purchases are not sufficient, other lengths can be
easily purchased from an online vendor.

Figure 5: 3-pole 7/8” “Mini” Connector Cable male and female connections. Image taken from
Automation Direct.

Figure 6: 4-pole M12 “Micro” Connector Cable male and female connections. Note the female
connection only requires 4 holes. Image taken from Automation Direct.
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To communicate between inside and outside of the box while still maintaining a waterproof connection,
we will purchase receptacles that match our cables. Eleven 4-pole receptacles and one 3-pole receptacle
are required. These receptacles have a female plug on the outer surface of the box where the male cables
can safely plug in. On the inside of the box, these receptacles have wire leads that can be plugged into the
ADC’s. We will machine holes in the casing for the receptacles to be snug-fit into. An example receptacle
setup from a previous DAQ system at Zurn Wilkins is shown in Figure 7.

Figure 7: Example of Mini (yellow) and Micro (black) connector receptacles on an existing DAQ at Zurn
Wilkins.
A power strip will supply power to all the internal hardware. This power strip will be mounted inside the
DAQ housing; it will require outsourcing an electrician to modify so that we can ensure water ingress
protection. We are unable to modify the strip ourselves since it uses 120V AC. In order to pass the power
strip wiring through the housing, we are still exploring two options. One is a watertight safety shroud that
is IP66 rated. The other is a cable gland that is IP68 rated. Both devices are shown in Figure 8 below.

Figure 8. Hubbell Watertight Safety Shroud on the left, and Cable Gland shown on the right. Images
taken from Hubbell and Polycase.
2.2.3 Microcontroller and Electronic Hardware
The brains of the DAQ system consist of a RPi 4B, two ADC’s, a 2x16 LCD Character Display, and
various connecting accessories, such as ribbon-cables and GPIO Y-splitters.
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The RPi 4B requires a USB-C power supply capable of delivering at least 3.0 amps of current. The RPi
has 40 GPIO pins that are utilized by the ADC units and the LCD screen for data input and output. A
diagram of the RPi and its GPIO pin configurations is shown below in Figure 9.

Figure 9: Raspberry Pi 4B and its Corresponding GPIO Pins. Images taken from Canakit.
The two Pi-SPi-8AI+ ADC units use a 26x26 ribbon cable to connect to each other, and a 40x26 ribbon
cable to connect to the RPi. Each ADC unit has eight analog-input ports, meaning that the complete DAQ
system will have sixteen analog-input ports. One ADC unit will be responsible for all eight pressure
sensors and the other ADC will be responsible for the temperature and flow sensors. Below is a visual of
the ADC unit and the GPIO pins it uses on the RPi.

Figure 10: ADC and its GPIO Mapping. Images taken from WidgetLords and Raspberry Pi.
The LCD character display requires only two GPIO pins to operate, allowing flexibility to include a user
interface without using pins required for data collection. While the LCD screen only uses two pins, it will
use a 26x40 ribbon cable to protect the remaining pins and interface with the RPi. A 40x40 GPIO Ysplitter, shown in Figure 11, will be used to split the 40 RPi pins to 80 usable pins. The Y-splitter gives
the I2C LCD wires access to pins that would otherwise be covered physically by the ADC ribbon cable. It
is important to note that the ADC does not use the same pins as the LCD display, making it acceptable to
connect the LCD in parallel with the ADC. Additionally, the LCD display sports a button panel, which
will be used for user input.
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Figure 11: 2x16 LCD Character Display and 40-pin Y-Splitter. Images taken from Adafruit and Amazon.
2.2.4

Casing System

The electronic components making up our data acquisition system will be nestled within a waterproof
casing purchased from Polycase, a plastic electronic enclosure manufacturer. We plan to purchase the
ZH-161407-05, which is a 17.24 x 15.24 x 8.75-inch waterproof electrical enclosure. This casing features
a clear, hinged lid, which will ensure easy access to the electrical components. The casing is rated for
IP66, which is more than enough to protect against direct streams of water at low pressure. The casing
will contain our RPi, ADCs, and LCD display mounted on DIN rails. These components will be
interconnected with their respective required wiring and will be plugged into a power strip inside of the
case.

Figure 12: PolyCase ZH-161407 IP 66 Waterproof Electric Case. Note: This case includes a gray cover,
while our selected case includes a transparent cover.
To mount the ADC’s and RPi, we will purchase four DIN rail mounting kits from WidgetLords, the same
supplier that we purchased our ADCs from. This kit includes a backplate that is easily attached to the
hardware before being clipped onto the rail. For the LCD, due to its footprint being a different size than
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the other components, we will 3-D print a similar backplate and use the clips provided in the DIN rail
mounting kit.

Figure 13: DIN Rail and Mounting kit. Image taken from WidgetLords.
For electrical connections to pass through the box, we plan to machine thirteen holes. Twelve of these
holes will be for the sensor receptacles, and one hole will be for a safety shroud or cable gland for the
power supply cable. The receptacles and fittings will be press-fit into the casing walls. Dimensions for
these holes can be found in the drawing and specification package. These dimensions are subject to
change for the final design.
2.3 Summary Cost Breakdown
Our total budget for this project is $6,000: $1,000 comes from our campus budget, and $5,000 comes
from Zurn Wilkins. Between our current and planned expenses, we do not foresee ourselves reaching the
upper limit of this project budget. Our expected total project cost is around $2500. A comprehensive
purchasing list for all items throughout the duration of this project can be seen in Attachment 2.
A summary cost breakdown by subsystem for our final product is shown below in Table 1. This table
provides the total cost for each subsystem within the data acquisition system. The pricing column will
include the cost of parts we have already purchased in addition to the cost of parts we plan to purchase.
Parts that are already provided by Zurn Wilkins, such as the 0-200 psi pressure sensors and flowmeter, are
not accounted for in this table.
Table 1: Summary cost breakdown by subsystem.
Subsystem
Sensors
Hardware (microcontroller and LCD components)

Cost
$587.25 (High Pressure)
$834.71 (Temperature)
$383.13
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Casing and Fittings
Auxiliary Electrical Components
Total

$496.59
$182.61
$2,484.29

Please reference the indented Bill-of-Materials (iBOM) in Attachment 3 for a full part list with prices.
Also see the Manufacturing Plan for soldering instructions on the I2C backpack to the LCD character
display, as well as assembly instructions for ADC and RPi wiring. For specifications on each component
and subcomponent, see the Drawings Spec Sheet in Attachment 4.
3. Design Justification
Since the DAQ system is mostly software based, little to no traditional engineering analysis is required to
justify the design. With regards to components, each one is ensured to be compatible with the system
through specification sheet analysis and discussion with technical experts, such as Professor Charlie
Refvem, before purchase.
Most of our analysis has come in the form of testing. Due to the low cost of most of our electronic
components, we have been able to purchase parts to test without worrying about suffering a large
economic loss. An example of this comes from the fall quarter, when we used a 50$ Elegoo Uno
microprocessor kit to communicate with one pressure sensor and display the current output on an LCD
Character display.
This quarter, however, we decided that the RPi was much more capable of handling the larger number of
sensors required for this system to be successful. Once we received our RPi and ADCs, we began running
tests for our structural prototype.
3.1 Data Collection System Testing
The following section details the tests we have performed on our structural prototype to prove that we can
successfully collect data from a pressure sensor. A backflow prevention valve was provided by Zurn and
was used to provide pressure to the sensors. Each test corresponds to a different aspect of the data
collection process. For our verification prototype, these tests will be applied and combined to create a
fully functional DAQ system.
3.1.1 Structural Prototype Calibration Tests
The first test was performed to verify that each low-pressure sensor could output data through the ADC to
the RPi. First, we collected gauge pressure and multimeter current from the sensors, then used the RPi to
collect the analog count value. The image of our calibration test set-up is shown in Figure 14 below.
Taking several measurements allowed us to experimentally find the linear calibration line to convert
analog count value to pressure. We were also able to find analog count minimum and maximum value,
which allow us to program an accurate current reading. After the data was collected for each sensor, we
generated the following tables and plots summarizing the test:
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Figure 16: Sensor calibration test set-up using the Schrader valve and Zurn backflow prevention valve to
compare gauge and sensor data.
Table 2: Raw Data from calibration testing of sensor 1.

Sensor 1
Max Analog:
3706.055556
Min Analog:
752
Gage Pressure Analog Reading Program Current MM Current
[ lbf/in2 ]
0
12.5
25
31
37.5
50
60
71
80
90
100

[-]
752
1000
1144
1203
1296
1459
1605
1767
1913
2034
2203

[ mA ]
4.06
5.55
6.42
6.78
7.33
8.32
9.19
10.17
11.05
11.78
12.78

[ mA ]
4.07
5.41
6.19
6.52
7.02
7.9
8.69
9.58
10.37
11.02
11.94
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Figure 15: Gage pressure versus analog reading during calibration test of sensor 1.
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Figure 16: Analog reading versus multimeter current during calibration test of sensor 1.
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Figure 17: Program Current versus multimeter current during calibration test of sensor 1.
There are a few useful takeaways from the above plots. First, the curve fit equation in Figure 15 can be
directly used to convert analog count value directly to a pressure value. Second, we can use the curve fit
equation in Figure 17 to determine when we have selected acceptable analog minimum and maximum
values. When the slope of the line is equal to one and the intercept is zero, we have selected the correct
analog value.
For the sake of brevity, only the data for sensor 1 was included in the main body of this report. For full
testing results, see Attachment 5.
3.1.2 Structural Prototype Scalability Test
Our second test was to ensure that our system is capable of handling multiple sensor inputs. This test
consisted of two parts. The first part was to show that our ADC’s are capable of being Daisy-Chained
together. In other words, the signals from the sensors connected to one ADC pass through the other ADC
and then into the RPi. During this test we were able to collect data from two sensors, each connected to
their own ADC, with the ADC’s connected to the RPi via ribbon cables. The data collected was plotted
versus time and is shown in Figures 19 and 20.
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Figure 18: Test Setup for Daisy Chain test.
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Figure 19: Analog reading versus time during Daisy Chain test.
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Figure 20: Pressure versus time during Daisy Chain test. The pressure values were obtained using the
calibration curves we generated during our calibration tests.

In the plots shown above, Sensor 1 was connected to the first ADC and Sensor 4 was connected to the
second ADC. This test proves that we can utilize multiple ADC units to concurrently collect data.
Additionally, we conducted the test by increasing the pressure in the valve from 0 to 100 psi in
increments of 25 psi. The sensor data in Figures 19 and 20 reflect the pressure increments of 25 psi,
showing that our initial calibration procedure was successful.
The second portion of the scalability test was to prove that one of our ADC units could collect data from
multiple sensors at the same time. To achieve this, we wired up two sensors to a single ADC. This wiring
setup can be viewed in Figure 21.

Figure 21: Test setup for Single ADC test.
The setup shown above generated the following results, shown in Figures 22 and 23 below:
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Figure 22: Analog reading versus time for Single ADC test.
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Figure 23: Pressure versus time for Single ADC test.

This test is proof that we can use one ADC to collect multiple sensor inputs concurrently, again meeting a
major requirement for the success of our project. In combination with the Daisy Chain test, this confirms
that our system will be capable of handling up to sixteen sensors, exceeding our previously defined target
of ten unique data inputs.
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4. Manufacturing Plan
The following section incorporates our plan for purchasing components, modifying purchased
components, and assembling each respective subsystem together to form our complete verification
prototype.
4.1 Component Purchasing
Many of the necessary components have already been purchased for our verification prototype. However,
some components still need to be purchased. Table 3 shows the remaining purchases that must be made
for the final verification prototype. For a comprehensive list including parts that have already been, and
still need to be purchased, as well as additional cost specifications and part information, refer to
Attachment 3. Our remaining purchases will be made through Zurn Wilkins.

Table 3: Required Future Component Purchases for Final Verification Prototype
Item
Part Qty Procurement Location
No.
Polycase ZH-161407-05
1110 1
Polycase
DIN Rail DR-62
1120 1
Polycase
DIN Rail Mounting Kit
1121 4
WidgetLords
4-Pole M12 Female Receptacle with Wire Leads
1131 11 McMaster-Carr
3-Pole 7/8” Female Receptacle with Wire Leads
1132 1
McMaster-Carr
Power Strip
1140 1
Amazon
0-500 psi Pressure Sensor
1320 4
Automation Direct
Temperature Sensor
1340 3
Noshok
4-Pole M12 “Micro” Connector M/F Cordset
1410 11 Automation Direct
3-Pole 7/8”-16 “Mini” Connector M/F Cordset
1420 1
Automation Direct

4.2 Manufacturing Process
Due to our project’s unique nature, much of our manufacturing plan consists of the assembly of purchased
parts. Still, manufacturing will be required for the LCD character display, the waterproof casing, and the
LCD backplate that connects the display to our DIN rail.
4.2.1 LCD Character Display Assembly
The LCD character display kit selected comes unassembled and requires soldering to put each component
together. Attachment 6 lists each part included in the kit and details the step-by-step assembly process
for the LCD display.
4.2.2 Casing Machining
Several holes must be drilled and filled with receptacles and bulkhead fittings to allow for electrical
connection between the inside and outside of the box. Attachment 6 pictures a detail drawing locating
the holes to be drilled. After drilling these holes, Attachment 6 lists steps for installing each receptacle
and sealing them to ensure water ingress protection.
4.2.3 LCD Backplate
Since the LCD comes with mounting holes in a different configuration than that of the RPi and ADC
units, we will need to manufacture a custom backplate to accommodate this separate hole configuration.
We have developed a CAD model of the backplate, shown in Attachment 4. This model will be 3D
Printed by Sam using his resin 3D printer.
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4.3 Assembly
Below is an image that differentiates the master from the slave ADC board. It is important to note which
one is which, as there is a specific sequence that they are connected in. The chip select jumper is circled
in red in the images below.

Figure 24: Master ADC Chip Select

Figure 25: Slave ADC Chip Select

The Manufacturing and Assembly Plan details the steps necessary to connect boards and sensors. It is
important to note that the master ADC connects to the RPi while the slave ADC connects to the master
ADC. First, attach the boards to the DIN rail, then attach each M12 connector to its respective ADC. At
this point, the DIN rail can be mounted in the Polycase and the ADC and RPi can be connected to the
power strip. Once these boards are connected to the power strip, the strip can be plugged into the wall and
the assembly is completed. A complete guide to attaching and connecting sensors, boards and LCD
screens together is found in the Manufacturing and Assembly plan in Attachment 6.
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5. Design Verification Plan
A table of design specifications is shown in Table 4 below:
Table 4: Design Testing Specifications
Specification:

Tolerance:

Pressure Sensor Accuracy

± 5% of maximum pressure reading

Temperature Sensor Accuracy

± 5% of maximum temperature reading

Flow Sensor Accuracy

± 5% of maximum flow reading

ADC and Code Accuracy

± 1% between code and measurements

LCD Response Accuracy

+ 0.5 second response

Cloud Service Response

Updates within 5 minutes

Inside Casing Temperature

No more than 120F. RPi max operating
temperature: 185 F.
No water ingress at 20psi

Water Ingress Protection

Detailed testing procedures to ensure that the final design meets these specifications are important to the
delivery of the product. Without it, the product could fail unexpectedly or never work as it was intended
to. Each specification has its own individual rigorous test associated with it to ensure that the final design
meets the standards that are required.
5.1 Pressure, Temperature, Flow Sensor Accuracy/ ADC and Code Accuracy
Pressure, temperature, and flow sensors have a similar accuracy testing plan and will be addressed in a
single section. Since all the sensors are 4-20mA output, an ammeter is used in series to measure the raw
current output by the sensor. The current reading from the RPi, which is based on four values, minimum
and maximum analog value and output current is calibrated using the ammeter current.
The values of minimum and maximum analog value are adjusted until the RPi, and ammeter are reading
the same value. This ensures that the RPi is sending out accurate readings of current.
This calibration experiment ensures that both the sensors and code are working as intended and account
for the first four specifications on the table above. These sensor and code tests require manual stimulation
via a bike pump or test-stand. Once this data is collected, the RPi output is noted. On a second computer,
numerical values are plotted against each other to form linear calibration equations. These calibration
equations are hard coded into the RPi and compared against multimeter readings to ensure accuracy.
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Figure 26: Sensor Calibration while in Progress.

Figure 27: Zurn Backflow Preventer Under Pressure

5.2 LCD Response Accuracy
The tolerance for LCD response was selected to minimize the frustration caused by lagging. If the LCD
and corresponding buttons can respond to a user’s input with less than half a second of “thinking” time,
we can conclude that the LCD response is OK and passes the test. This can be measured simply by using
a stopwatch and taking average response times to user input.
5.3 Cloud Service Response
Cloud service response time can be done simply by starting up the DAQ system, then using a stopwatch
to see when the data uploading begins. This specification is not necessarily “make-or-break” but will
provide Zurn engineers with a speedy way to get their testing completed.
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5.4 Inside Casing Temperature
The RPi and ADC max operating temperatures are 140°F and 185°F respectively, it is important to make
sure that the inside of the casing does not get this hot during multi-day use. This test will be completed by
using a calibrated thermocouple or analog thermometer inside the DAQ box and on the surface of the
chips themselves, then running a multi-day test and closely monitoring the temperature.
Another way we could measure this is by using the RPi’s built in CPU temperature chart, which plots the
CPU’s temperature against time.
5.5 Water Ingress Protection
Water ingress tests will be completed using the manufactured DAQ box and water-detecting test strips.
The strips will be placed in the box, then a steady stream of water pressure will be applied. If the test
strips detect no water ingress into the manufactured box, it is considered to have met the specification.
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6. Conclusion
This document includes a complete description of the hardware and software of our final design and how
it will function. It also includes analyses and evidence that prove our design will meet our sponsor’s
specifications. Plans for how our product will be assembled and manufactured are included to facilitate
the construction of the final DAQ system. Descriptions of planned tests are included to evaluate our
product against sponsor specifications. This is important to make sure that the final DAQ system meets
the needs specified by Zurn. Rigorous testing will be completed after manufacturing and assembly to
ensure that the DAQ system is accurate and stays waterproof. A complete cost analysis for planned and
purchased parts is included in the iBOM in Attachment 3.
From now through June, our team will be developing the final DAQ system to deliver to Zurn Wilkins.
Attachment 9 features screenshots of our Gantt Chart, which is a live document that features our
scheduling throughout the rest of the year. Featured below are a few key dates and milestones that will
guide our progress through the quarter.

Table 5: Project Milestones and their expected completion dates
Date

Milestone

04/26/2022

Expected Verification Prototype Completion

05/17/2022

Expected Design Verification Plan & Report Completion

05/27/2022

Senior Project Expo

06/03/2022

Final Product Submission

The final three months of this project will be spent building and testing the flow data acquisition system
that Zurn Wilkins first approached us about in September. As illustrated in our Gantt Chart and Table 5
above, we have a well-defined schedule that we intend to follow to ensure that our product meets all the
needs expressed by Zurn engineers. Much of the future will be spent in the building and testing phases of
this project, where we will create a verification prototype and test it in a variety of manners to evaluate
the design specifications that we have created. This report serves as a request for sponsor approval and
agreement to move forward with our plan for future purchases, builds, and testing.
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Attachments
A.1 Attachment 1: Structural Prototype Code
See the code attached below for detailed documentation of how the pressure sensor and main file tasks
work. We expect the temperature and flow sensors to have program files almost exact to the pressure
sensor class.
Pressure Sensor Class

1-1

1-2

1-3

Main File

1-4

1-5

1-6

1-7

A.2 Attachment 2: Project Budget

2-1

A.3 Attachment 3: Indented Bill of Materials

3-1

A.4 Attachment 4: Drawings and Specification Sheets
1000 – DAQ System
1110 – Polycase Enclosure ZH-161407-05
1110A –Polycase Enclosure ZH-161407-05 Spec Sheet
1120 – DIN Rail DR-62 Spec Sheet
1121 – DIN Rail Mounting Kit Spec Sheet
1122 – DIN Rail Baseplate for LCD
1131 – 4-Pole Female Receptacle with Wire Leads (P/T sensors) Spec Sheet
1132 – 3-Pole Female Receptacle with Wire Leads (F sensor) Spec Sheet
1133 – Watertight Safety Shroud Spec Sheet
1140 – Power Strip Spec Sheet
1200 – Data Processing Unit
1210 – Raspberry Pi 4B 4GB Spec Sheet
1220 – ADC Wiring Diagrams
1220A – ADC Spec Sheet
1221 – 26x40 Ribbon Cable Spec Sheet
1222 – 40x40 Ribbon Cable Spec Sheet
1223 – Power Supply Spec Sheet
1230 – LCD Display Spec Sheet
1231 – 40x40 pin Y-splitter Spec Sheet
1232 – 26x40 Ribbon Cable Spec Sheet
1233 – Stacking Header Spec Sheet
1300 – Sensors
1310 – Prosense 0-200psi Sensor Spec Sheet
1320 – Prosense 0-500psi Sensor Spec Sheet
1330 – Flowmeter Spec Sheet
1340 – Noshok Temperature Sensor Spec Sheet
1400 – Auxiliary Electrical Components
1410 – 4-Pole M12 Cable (for P/T sensors) Spec Sheet
1420 – 3-Pole 7/8”-16 Cable (for F sensor) Spec Sheet
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1000 – DAQ System
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1110 – Polycase Enclosure ZH-161407-05
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1110A – Polycase ZH-161407-05 Spec Sheet
Length
17.24 in

Depth
15.24 in

Height
8.75 in

1120 – Polycase DIN Rail DR-62 Spec Sheet

1121 – WidgetLords DIN Rail Mounting Kit Spec Sheet
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1122 –DIN Rail Baseplate for LCD Drawing
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1131 – Automation Direct 4-Pole Female Receptacle with Wire Leads (P/T sensors) Spec Sheet
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1132 – Automation Direct 3-Pole Female Receptacle with Wire Leads (F sensor) Spec Sheet
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1133 – McMaster-Carr Watertight Safety Shroud Spec Sheet
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1140 – Amazon Power Supply Spec Sheet
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1210 – Raspberry Pi 4B 4GB Spec Sheet
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1220 – ADC Wiring Diagram: Example wiring diagram for one ADC. This illustrates how a 2-wire
sensor (Pressure/Temperature) will be connected to the ADC. Up to 8 sensors can be connected.
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1220 – ADC Wiring Diagram Continued: Close-up of wiring for a 2-wire sensor and a 3-wire sensor
(flowmeter). The 3-wire sensor requires an extra cable to the ground pin on the Raspberry Pi. This
ensures that the Pi, ADC, and sensor all share the same ground, which will prevent the data from
“drifting” due to outside EMF’s and noise.
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1220A – WidgetLords ADC Spec Sheet
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1221 – Widgetlords 26x40 Ribbon Cable Spec Sheet

1222 – Widgetlords 26x26 Ribbon Cable Spec Sheet

1223 – Widgetlords Power Supply Spec Sheet
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1230 – Adafruit LCD Display/UI Kit Spec Sheet
Kit Includes:
Part Name
Resistors (R, G, B)
10k Trip Potentiometer
6mm (about 0.24 in) Tactile Switch Pushbutton
I2c Port Expander Chip
36 Male Header Pin Strip
Printed Circuit Board
Extra-Tall 26 pin Female Header
Rubber Bumper
Blue and White LCD

Quantity
3
1
5
1
1
1
1
1
1
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1231 – Amazon 40x40 Pin Y-Splitter Spec Sheet

1232 – Adafruit 26x40 Ribbon Cable Spec Sheet

4-16

1233 – Adafruit Stacking Header Spec Sheet

4-17

1310 – Prosense 0-200 psi Sensor Spec Sheet

4-18

1320 – Prosense 0-500 psi Sensor Spec Sheet

4-19

1340 – Noshok Temperature Sensor Spec Sheet

4-20

1410 – McMaster-Carr 4-Pole M12 “Micro” Connector Cable Spec Sheet

1420 – McMaster-Carr 3-Pole 7/8”-16 “Mini” Connector Cable Spec Sheet
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A.5 Attachment 5: Sensor Calibration Test Full Results
The following data were gathered as part of the Calibration test that we performed on our structural
prototype. This data shows that our system can generate and save data from a single pressure sensor and
that we have the data necessary to calibrate a sensor to a gage. Additionally, we generated plots from this
data to find calibration curves for each sensor. An example of these plots is shown in our Design
Justification section above for sensor 1, but we made curves for all 4 sensors as well.
Table 5.1. Pressure Sensor 2 Calibration Data.

Sensor 2
Max Analog:
3686.882
Min Analog:
747
Gage Pressure Analog Reading Program Current MM Current
[ lbf/in2 ]
0
12.5
25
37.5
50
60
70
80
92
100

[-]
747
999
1152
1301
1447
1591
1738
1900
2065
2208

[ mA ]
4.04
5.55
6.47
7.36
8.24
9.11
10
10.98
11.97
12.82

[ mA ]
4.04
5.41
6.23
7.05
7.84
8.62
9.43
10.3
11.19
11.97

Table 5.2. Pressure Sensor 3 Calibration Data.

Sensor 3
Max Analog:
3683.6507
Min Analog:
739
Gage Pressure Analog Reading Program Current MM Current
[ lbf/in2 ]
0
12.5
25
37.5
50
60
70
80
90
100

[-]

[ mA ]
739
995
1140
1299
1442
1587
1745
1898
2045
2186

3.98
5.42
6.23
7.12
7.92
8.73
9.62
10.47
11.3
12.09

[ mA ]
4
5.39
6.18
7.04
7.81
8.61
9.47
10.29
11.09
11.87
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Table 5.3 Pressure Sensor 4 Calibration Data.

Sensor 4
Max Analog:
3597.3
Min Analog:
738
Gage Pressure Analog Reading Program Current MM Current
[ lbf/in2 ]
0
12.5
25
37.5
50
60
70
80
90
100

[-]

[ mA ]
738
988
1140
1296
1444
1587
1733
1900
2048
2182

3.97
5.38
6.23
7.1
7.93
8.73
9.55
10.48
11.32
12.07

[ mA ]
3.99
5.34
6.18
7.02
7.83
8.6
9.4
10.31
11.11
11.85
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A.6 Attachment 6: Detailed Manufacturing and Assembly Plans
Manufacturing plans for LCD screen, LCD backing plate, and casing drill holes. Additionally, the
following consists of general system assembly instructions to wire all electronics and sensors, and finally
how to insert the system into the housing.
A.6.1. Detailed Manufacturing Plan
Casing
The casing will need several operations to reach its final form. The first of these is drilling holes into the
casing walls to allow cables to pass through.
1. Measure and mark the locations of each hole. Mark exactly where each hole needs to be drilled.
2. Choose the appropriate drill bit for each hole.
3. Center punch each hole location. This prevents the drill from wandering when it first contacts the
surface.
4. Align and clamp the material in place.
5. Plunge the drill into the casing wall. Be sure to peck at the material to allow for chip removal.
6. Repeat steps 4 and 5 for each required hole to be drilled.
7. Deburr each hole to smooth around the edges.
The next process now that holes are drilled is to snug fit the receptacles and bulkhead fitting into each
hole.
1. Determine the proper receptacle or bulkhead fitting to be inserted. The following table illustrates
the hole/fitting relationships.
Hole Diameter [in]
Receptacle/Fitting and Part Number
4-Pole Female “Micro” 1131
0.60
0.88

3-Pole Female “Mini”

1.00
Power Strip Bulkhead Fitting
2. Fit in each receptacle. The female component should be on the outside of the box, and the wire
leads should be on the inside of the box.
3. Secure each receptacle with waterproof epoxy or glue so that they prevent water ingress and are
securely attached to the casing wall.
4. Repeat steps 2 and 3 for the power strip bulkhead fitting.
Detailed Assembly Plan
Data Processing Unit
I2C LCD Character Display (1230)
Note: The following link features the adafruit assembly manual for assembly of this part, given that the
kit comes with multiple components. This manual will be restated below:
https://learn.adafruit.com/adafruit-16x2-character-lcd-plus-keypad-for-raspberry-pi/assembly
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Resistor Soldering
In this section, we will solder on the three required resistors for the PCB.
Backlight Pin Control Color
Band Colors
Resistance
GREEN
Orange, orange, brown, gold
330 ohm
RED
Red, red, brown, gold
220 ohm
BLUE
Red, red, brown, gold
220 ohm
1. Put the Printed Circuit Board (PCB) into a vise or board holder and heat up soldering iron.
2. Start with the GREEN resistor:
3. Bend the resistor into a ‘staple’ and slide it into the slot marked “GREEN” on the PCB. Resistors
do not have a direction, so you can put it either way and it will work.
4. Bend the ‘legs’ of the resistor out so it sits flat against the PCB and flip it over. This will ensure
the resistor does not fall out during soldering.
5. Once the iron is heated up, solder in both leads of the resistor.
6. Heat up the round ring pad and the wire lead at the same time for 2-3 seconds.
7. Dip the end of the solder into the heated joint to melt it in.
8. Remove the solder and the soldering iron.
9. Once soldering is complete, use diagonal or flush cutters to clip the leads of the resistor
10. Clip the wires right above where the solder joint ends.
11. Repeat steps 3-6 for the RED and BLUE resistor locations.

Figure 1: Solder Legs bent as shown for soldering

Figure 2: Use a flush wire clipper to remove the extra resistor wiring
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Figure 3: Finished PCB with resistors soldered on
Button Placement and Soldering
This section details the placing of the 5 buttons and the soldering of them to the PCB. These buttons are
used to send a signal to the Pi for our User Interface. These are connected to the I2C port expander chip,
so they require no extra pins on the Pi.
1. Press down on each button until it snaps in and sits flat against the PCB.
2. Note that all 5 buttons are the same physically and can be placed in any order.
3. Flip over the PCB and check that all the legs for the buttons are sticking out
4. Solder each leg.
1.
Note: Be sure not to accidentally ‘short’ two button legs together! The ones for
the directional pads are close.

Figure 4: All buttons snapped into place.
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Figure 5: Soldering the legs of the buttons.
Potentiometer
The potentiometer will adjust how dark the characters appear on the screen. The kit may include two
potentiometers; be sure to use the orange potentiometer for this application.
1. Place the orange 10K potentiometer into the spot above the RESET button. It will only fit one way.
2. Flip over the PCB and solder in the three legs of the potentiometer.

Figure 6: Potentiometer snapped into the PCB.
I2C Port Expander Chip
This is a 16-pin expander chip that uses the I2C bus. This means you can send it commands using the I2C
pins on a Pi and control 16 more digital pins! 5 pins go to the buttons, 6 go to the LCD control and 3 are
used for the backlight (the remaining 2 are unused).
Caution: Chips have a direction, unlike buttons or resistors, and must be put the right way!
2. use a flat table to carefully bend the legs of the chip so they are parallel.
3. slip it into the silkscreened outline so that the notch at the end of the chip is on the right. View the
image below to make sure you have it in the correct way.
4. Once you are sure the chip is on the correct way, press the chip into place.
5. Flip over the PCB and solder in the 28 pins of the port expander.
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Figure 7: Photo of the notch that should be lined up on the right.

Figure 8: Soldering the 28 pins of the port expander onto the PCB.
Header Attachment
The standard kit comes with an ‘extra tall’ header, but for our case, we need to use a ‘stacking header.’
This header has longer pins so that we can use a ribbon cable (IDC) to interface between the Pi and LCD
display.
1. remove the bumper from the backing and attach it on the underneath so it is right over the
Ethernet jack when the PCB is plugged in. Figure XX shows this location.
2. solder all 26 pins for the plate - this will send power and data between the two boards and provide
mechanical stability. You may need to hold the plate down with tape to get it sitting flat against
the Pi.
3. Solder in one pin, we suggest the top right, then check if the plate is sitting flat. If not, heat up the
joint with one hand while stabilizing with the other until its right.
4. Solder the other 25 pins.
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Figure 9: Location for the bumper backing. It should be right next to the buttons without
overlapping any button legs.

Figure 10: Soldering on the 26 pins on the stacking header
LCD Attachment
The LCD is the visual interface that users can see. In this manual, we will be using a blue & white
display. The following are assembly instructions to attach the LCD screen to the header. Follow Figures
11,12,13 for reference.
1. Break off a piece of 16 pin header from the stick in the kit.
2. Place the header into the remaining slot with long ends of the pins sticking UP. Leave the two
rightmost pads empty.
3. Slide the LCD over the header so that it is perfectly centered over the four holes and the
silkscreen.
a. Note: Your LCD may have two rows of connectors or one row. If it is a two-row
connector LCD, do not use the bottom row.
4. Snap in the LCD against the buttons.
5. Solder all the pins on top and bottom.
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Figure 11: Header placed with the long ends of the pin sticking UP. For a 16-pin header, leave the
two rightmost pads empty.

Figure 12: LCD snapped onto the PCB before soldering.

Figure 13: Soldering on the headers for the LCD.
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ADC (1220), Raspberry Pi (1210), Connecting Wires (1221, 1222, 1223), Sensors (1300)
Sensors to ADC
The analog – digital converters are the components that allow the Raspberry Pi to communicate with the
sensors. For this component to function as intended the sensors must be wired up properly. See the
diagrams below for both 2-wire and 3-wire sensors:

Figure 14. 2-wire transmitter connection schematic.
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Figure 15. 3-wire transmitter connection schematic.
2-wire sensor connection: (Pressure and Temperature Sensors are all 2-wire)
Numbered Pressure sensors connect to their respecting analog ports, an example of this is as follows:
M12 number 1’s white wire connects to analog port A1 on the master ADC.
M12 number 5’s white wire connects to analog port A5 on the master ADC.
This applies for M12 connectors 1 thru 8.
Temperature sensors connect to the slave ADC in sequential order. Examples follow:
M12 number 9’s white wire connects to analog port A1 on the slave ADC
M12 number 10’s white wire connects to analog port A2 on the slave ADC
M12 number 11’s white wire connects to analog port A3 on the slave ADC
1.
2.
3.
4.

Find the brown and white wires coming from the sensor.
Identify the channel on the ADC which the sensor will be connected to.
Connect the brown wire to the V+ port on the ADC.
Connect the white wire to the port with the intended channel number.
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5. Example: For a sensor being wired into channel 1, the brown (+) wire will be plugged into port 4
(V+). The white (-) wire will be plugged into port 2 (A1). See Figure X below for a visual
reference.
a.

b.
c. Figure 16. ADC Port Schematic.
6. Repeat for all additional pressure sensors you wish to use.
7. Sensors 1, 2, 7, and 8 will use the V+ nearest the A2 port
8. Sensors 3, 4, 5, and 6 will use the V+ nearest the A4 port
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Flowmeter connection
1. Find the black and white wires coming from the receptacle.

2. Identify the channel on the ADC which the sensor will be connected to.
3. Connect the white wire to the COM port on the ADC.
4. Connect the black wire to the 4-20 mA port on the ADC.
a. Example: For a sensor being wired into channel 1, the white (GND) wire will be plugged
into port 1 (Com) and the black (Data) wire will be plugged into port 2, (A1). See Figure
X below for a visual reference.
5. Using a wire, connect the COM port on the ADC to a ground pin on the LCD Ribbon cable.

ADC to ADC
To connect the ADC’s together and allow data to pass to the Raspberry Pi, you will use the 26x26 Ribbon
Cable (1222).
1. Orient each ADC to be connected such that the two 26-pin headers are at the end of the
board furthest from you. Looking down from above, this is the top of the board.
4. Connect one ends of the 26x26 ribbon cable to the right-hand 26-pin of the left-hand
ADC and ensure the red wire is the closest wire to the top of the board.
8 Connect the other end of the 26x26 ribbon cable to the left-hand 26-pin of the right-hand
ADC, again ensuring the red wire is the top-most wire.
ADC to Pi
To connect the ADC to the Raspberry Pi, you will use the 26x40 Ribbon Cable (1221).
2. Orient the Raspberry Pi and the ADC next to each other with the ADC on the right. The
pins should be toward the ends of the boards further away from you, just like in the previous
step with the ADC-to-ADC connection.
1. Install the Y-splitter (1231) onto the Raspberry Pi’s 40-pin.
3. Connect the 40-pin end of the 26x40 Ribbon Cable to the right-facing 40-pin on the Ysplitter.
a. The 26-pin end of the cable should stick off to the right-hand side of the
Raspberry Pi.
a. Connect the 26-pin end of the 26x40 Ribbon Cable to the left-hand 26-pin on the ADC
adjacent to the Raspberry Pi.
DIN Rail Attachments:
4. Orient the Raspberry Pi so that the CPU is facing up and the USB ports are facing you.
1. Use the four stand-off screws to mount the Raspberry Pi to its DIN backing plate.
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5. Orient ADC so that the barrel jack is facing you.
1. Use the four stand-off screws to mount the Raspberry Pi to its DIN backing plate.
6. Orient the LDC screen facing up with the user buttons in the bottom left-hand corner.
1. Use the four stand-off screws to mount the Raspberry Pi to its DIN backing plate.
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1. Design Updates
Since CDR, changes to the DAQ box were made to accommodate minor design flaws and make the user
experience easier. Short wiring, inadequate power ports and LCD display orientation were some of the
issues that were noticed upon manufacturing.
Two bus bars were added to the design to assist in power distribution to 11 self-powered sensors; this
allowed the clean and even organization of all the 24-volt sensor leads. The wiring from the sensor ports
to the ADC’s arrived from the supplier shorter than expected, so a second DIN rail was added to bring the
ADC’s closer to the ports. A section of the bus bars were also used to evenly distribute the flow meter
grounding setup leads, allowing the grounding wire to cleanly split off to both the LCD and an ADC.
Elevated stand-offs were purchased for the LCD screen, bringing it closer to the transparent lid of the
Polycase for easier user interaction. The original LCD baseplate was re-designed to rotate the display 90
degrees to allow for easier user interaction with an open-lid system.
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2. Manufacturing
Our part procurement process was a longer than typical process due to the iterative nature of our project.
The first major components we purchased were the Raspberry Pi, LCD Character Display, and AnalogDigital Converters (ADCs). Also purchased at this time were several wires and connectors to power the
system and establish data communication between components. These were used with the pressure
sensors obtained from Zurn to form our structural prototype, which proved that we could use both ADC’s
concurrently to communicate with up to four sensors, the total number we had at the time. We used this as
indication that our full-scale system with twelve sensors would be functional since both ADCs were
successfully recording data from multiple channels.
After presenting the results of our structural prototype testing to Zurn during our Critical Design Review,
we proceeded with the purchasing of the remainder of our components. These consisted of our waterproof
casing, one DIN rail, three DIN rail mounting kits, four high-pressure sensors, three temperature sensors,
and the receptacles and wires required to connect each sensor to a channel on our ADCs. Moreover, we 3D printed a custom mounting baseplate for the LCD character display. This baseplate, in conjunction with
5-inch-tall standoffs, allowed us to elevate our character display so it rests near the top of the case. This
elevation separates the LCD display from other electronic components and improves ease of access to our
system controls.
After receiving our large purchase listed above, we realized that the use of bus bars, (also known as
terminal strips) would help us organize the wiring in our system. We purchased two bus bars, red and
black wire, two additional DIN rails, and four additional mounting kits to ensure we had enough hardware
to integrate the bus bars into our system effectively. Finally, we purchased a power strip and a small
Velcro kit to fix the power strip into our casing. Each of these components can be found in the final bill of
materials (Attachment 7) and budget spreadsheet (Attachment 2).
As described in previous reports, the physical component manufacturing of our DAQ was relatively
minimal. In total, our waterproof casing required 13 holes to be drilled for sensor and power receptacle
mounts. The following manufacturing sections will describe our experiences with each aspect of our
manufacturing and assembly:
2.1 Hole drilling and receptacle mounting:
The first step in our manufacturing process was to define where each hole would be drilled. Each of the
12 sensor receptacle holes were located using a laser printed stencil. The stencil provided proper
dimensions for each hole that can be seen in Figure 1, our casing part drawing. We created a sketch in
SolidWorks and saved the two-dimensional sketch as an Adobe Illustrator file. This file was brought to
Mustang 60, where shop techs assisted in the laser cutting process. The stencil itself is depicted below in
Figure 1.
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Figure 1. Laser-cut sensor receptacle hole stencil.
For the first 11 holes for our pressure and temperature sensor receptacles, we began at the Aero Hangar
using a high-speed steel 19/32” bit. We had initial difficulties drilling because the drill bit available
lacked a sharp cutting edge. It was sharpened incorrectly, which resulted in long cutting times where we
more effectively melted the polycarbonate rather than cut it. After a few tedious holes, we elected to drill
under-sized holes to be expanded with a better bit at Mustang 60. Mustang 60 had a properly maintained
19/32” bit eased the cutting process. The 12th hole, for our flow meter receptacle, was drilled using a step
drill bit, as recommended by the Aero Hangar Shop Techs. We started by drilling a small hole at the
desired location, followed by “stepping up” the diameter of the hole using the step drill bit to 7/8”. The 12
receptacle holes can be seen in Figure 2 below. As illustrated, the 4-pole receptacles for pressure and
temperature sensors are already installed, with the 7/8” hole yet to have its 3-pole receptacle installed.

Figure 2. Drilled sensor receptacle holes in the casing.
The 13th and final hole drilled into our system was completed using a hole saw drill bit. This bit was
selected due to the large 1.6” diameter hole required. While we experienced slight hole saw wandering,
we overcame it and completed all the physical modifications required for our casing. Each of the 13 holes
drilled were then deburred and sanded to ensure a consistent finish around the edges.
After our holes were drilled, we installed the receptacles into the casing. The M12 Receptacles (for the
pressure and temperature sensors) snugly threaded into the holes we drilled, resulting in watertight seals
with the rubber O-rings integrated into the receptacle. Using the nuts included with each M12 receptacle,
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we fastened the receptacles to the casing, ensuring that they were all oriented with the notch in the
connector facing up. This eliminates confusion when trying to plug a wire into a receptacle and orients all
the wires coming from the back of each receptacle in the same fashion, saving us time and effort in the
wiring process (see below for details).
The 7/8-16 Receptacle for the flowmeter did not match the hole drilled as nicely as the M12 receptacles
did, which resulted in a small amount of water ingress in our initial test. Zurn, being a water solutions
company, has a wide array of gaskets and O-rings available in their lab, so we obtained an O-ring that fit
our receptacle when we visited the facility to perform initial tests on 05/10/2022.
After drilling the power strip receptacle hole, we inserted the receptacle and secured it to the rest of the
casing wall with Solarez, a fiber-reinforced epoxy resin. This resin provides our casing with two key
characteristics: exceptional strength and water ingress protection. The receptacle is permanently secured
to the casing wall, and it can withstand greater tensile forces than the receptacle wiring itself. Moreover,
our testing described in insert testing section provides proof of the system’s water ingress protection
where the wall and receptacle are bonded. It should be noted that the receptacle itself is not IP-rated, but
we elected to move forward with the receptacle following approval from our sponsor contact. The power
receptacle is pictured below in Figure 3.

Figure 3. DAQ power receptacle secured to the casing wall using Solarez.
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2.2 Wiring and component integration:
After all the receptacles were properly fastened into the casing, we assembled the internal components of
the system. Due to the system’s modular design using DIN rails and mounting kits, we were able to fasten
all our electronics (Pi, ADCs, LCD) onto a DIN rail outside the casing and then install the whole DIN rail
as one unit, rather than individually installing each PCB. The same approach was taken with the DIN rail
supporting the bus bars.
Initially, our wiring plan included four bus bars: two to be used for powering the sensors, and two to be
used for signal wiring between the receptacle wire leads and the ADC’s. We assumed that the wire leads
would not be long enough to reach every port on the ADC. However, upon assembling the electronics
onto DIN Rail 1 and the bus bars onto the DIN rail 2, we learned that signal wiring bus bars did not need
to be included. In fact, we determined that the signal wiring bus bars made wiring more difficult and
messier. So, the team opted for two bus bars in total, each to be used for distribution of power to the
pressure and temperature sensors. The bus bars provide up to 24V in parallel to each sensor connected,
and a photo of the wiring schematic can be seen in Figure 4 below.

Figure 4. Bus bar wiring for power distribution to each sensor.
Each bus bar was configured to split the V+ signal to allow all sensors to access the V+ signal with a solid
connection. This avoided cramming multiple wires into the V+ ports on each ADC, which would likely
result in faulty connections and would look unprofessional. The brown (V+) wire from each M12
receptacle was connected to the bus bar for the ADC corresponding to that receptacle’s sensor. The V+
wires for sensors 1-8, the low and high pressure sensors, were connected to one bus bar (left above),
which was in turn connected to the V+ port on the ADC configured to handle the eight pressure signals.
The V+ wires for sensors 9-11 were connected to the other bus bar (right above), which was connected to
the ADC handling temperature and flowrate data collection. The flow meter is externally powered so no
V+ connection was made inside the casing. Figure 5 below shows the view from outside the casing of the
receptacle array and the location of each connection.
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Figure 5. Sensor numbering and orientation on the casing.
For each sensor, the 4-20 mA data cable was connected directly to the proper ADC channel. The pressure
sensors were connected to the slave ADC in channels A1-A8, each number corresponding to sensor 1-8.
The temperature and flow sensors were connected to the master ADC in channels A1-A3 and A8.
The receptacles purchased featured 4-pole electrical connections, meaning that there are four wires
coming from each receptacle inside the casing. Since we chose 2-wire sensors, only two of the wires from
each receptacle were used. To clean up the inside of the casing, we fastened the remaining wires to the
inside wall, preserving them so that the receptacles can be used for 3-wire or 4-wire sensors in the future.
Throughout this wiring process, we realized how difficult it is to make an electrical system look clean and
organized. The number of wires in our system was the highest any of us have ever worked with, and this
posed a significant challenge for us to manage the wires effectively. Tools such as Velcro straps and zip
ties are extremely helpful in wire management.
Additionally, our system would have been very cramped in any smaller casing size, so the advice from
our sponsor and the other Zurn engineers early in the project was very valuable.
2.3 Software Development:
An instrumental part of our project was the programming on the Raspberry Pi to make our DAQ system
functional. The setup of the program uses 5 Python files to implement the use of up to 12 sensors. Python
was chosen because of its ease-of-use, its large online community, and its under-the-hood libraries that
make sensor interactions short and simple. We designed our program to meet the following conditions:
1.Read analog data signals from the ADC’s
2.Convert analog data signals into physical measured values (Pressure/Temperature/Flow Rate)
3.Write sensor data to external USB flash drive in a ‘csv’ file
4.Safely shutdown the program at the end of data collection
5.Allow for smooth user interaction before and during a test
Our first goal was to ensure we could retrieve analog signals from the ADC’s and read them from the RPi.
To achieve this, we created 3 different files: PressureSensor, TemperatureSensor, and FlowSensor. Each
file describes the calibration curves, which ADC input pin to read from, and which physical ADC to read
from for each sensor. Additionally, each sensor file contains a get_measurement() method which reads the
instantaneous digital signal for a desired sensor and converts it to a respective physical quantity by using
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its calibration coefficients. These three sensor files are the only files with direct contact with the ADC’s,
using the Widgetlords ADC library, and they can return a reading from one of the ADC’s for a specific
sensor when the main file calls upon that sensor.
The LCD file is responsible for allowing the users to interact with the DAQ before and during a test. The
LCD file is the only file reading input from the LCD screen and buttons. It obtains the user sensor
selection, data collection period, and the low pass filter count from the user before the test initiates. In
addition to simply collecting the user input necessary to begin a test, we provide user feedback through
the LCD screen with different print statements and blinking pattens to verify the user their input was read.
The LCD also has methods to check for button input and to update the screen to show live sensor data
during the test with the option to navigate through each sensor collecting data. The main file continuously
runs the lcd button press method to monitor for user input presses during a test, checking if the user wants
to update the LCD output or terminate the test.
Next, the main file creates instances of sensor objects and facilitates when the program reads data from
sensor objects. The main file also averages the values through a low pass filter of user-specified length
and writes the data to the csv file. It accomplishes this by utilizing multiple timers and timing blocks that
control the calling and writing of data and the display of values through LCD.
One programming challenge we faced was implementing the programming correctly to daisy chain
multiple ADC’s. To read data from the second ADC you must declare the second ADC you want to read
from within the code and physically switch the jumper on the second ADC to the second slot. An image
of the program line and the jumper is shown below to demonstrate this.

Figure 6: Comparison of jumper locations between the first and second ADC.
Another challenge we faced was timing how often we read from the LCD during data collection while
still maintaining our data collection frequency. If you read input and update the LCD to quickly, the
program moves too slow to properly read/write data. Reading from the LCD too slowly causes user
button presses to not be seen by the program. Initially, we were updating the LCD every run through the
main file but that slowed data collection. Now we are only updating the LCD every 3 program runs.
However, we found that checking for a button press does not slow the program down, so we run this
every program run so the LCD sees user input every time.
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3. Design Verification
This section outlines the work our team did to verify that our design meets the needs and wants developed
with our sponsor early in the project. The following table describes each of the specifications developed:
Table 1. Specification table for the Flow DAQ with tolerances, risk levels, and compliance types
Spec
.#
1
2
3
4
5
6
7
8

Specification Description
Number of Data Collection Ports
Time to Collect Data
Percent Difference from Calibrated
Equipment
Verify Data Collection
Environmental Resiliency Testing
Type/Size of Output Storage
Measure all Transducer Fittings
Set Up Process

Requirement or Target
(Units)
10
5 min after test

Tolera
nce
Min
Max

Ris
k*
L
L

Complianc
e**
I, T
T, S

0.05
Y/N
Y/N
8GB
1/4"
<10 Steps

±2.5%
Min
Max

M
L
M
L
L
H

T, A
I
I, T
S
I, S
T

* Risk of meeting specification: (H) High, (M) Medium, (L) Low
** Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test
Of the above specifications defined in Fall Quarter and updated throughout the year, the Flow DAQ
produced fulfills every specification. The DAQ features 12 data collection ports with availability to add
up to 32 sensors in total, exceeding the specification. Data is accessible as soon as a test is complete via a
USB drive, and data recordings can be seen live on the user interface. Each sensor selected is calibrated to
the standards of Zurn Wilkins engineers. The casing is water resistant aside from the power receptacle,
but this receptacle was selected following the approval of our sponsor contact. Included is a 256GB USB
drive with sufficient storage capabilities for the .csv output data, and the data can be written to any USB
drive inserted into the Raspberry Pi. Each sensor purchased uses the standardized ¼” NPT thread
ensuring compatibility with all Zurn Wilkins’ test articles. Each sensor given to Zurn Wilkins is calibrated
to the DAQ, and calibration procedures for future sensors can be found in the User Manual. Lastly, the
set-up process is smooth and streamlined, giving the user selection options of sensors used, low-pass filter
size, and data collection frequency.
The following sections will outline the tests that our team completed to confirm that our specifications
were met.
3.1 Ingress Protection Test.
After fixing all our receptacles into the casing wall and before installing any electronics, we performed
our Ingress Protection Test. During this test, we sprayed the casing with a jet of water from a hose at
Nate’s house. We placed clumping cat litter inside the casing to visually determine if water ingress
occurred. Note that the cavity in the power receptacle was covered with duct tape for the water ingress
test, as shown in Figure 2. The power receptacle is the only item not rated IP-66 or higher, but it was
selected at the discretion of Zurn Wilkins engineers. See Figures 1-3 for images of the test being
performed.
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Figure 7: Inside of casing with clumping cat litter to indicate water ingress during test.

Figure 8: Water spraying the exterior of the casing during Ingress Protection Test.
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Figure 9: Small amount of water ingress through the flow meter receptacle.
As shown in Figure 3, there was a small amount of water ingress through the 3-pole receptacle used for
the flowmeter connection. To solve this issue, we installed a rubber O-ring gasket provided to us by Zurn
Wilkins from their hydraulics laboratory. Upon repeating this test, no water ingress was observed. This
test proves that our system meets Specification 5, Environmental Resiliency.
3.2 Sensor Calibration Test: Calibrating all Sensors
Once we could read sensor data and write it to a USB drive, our next step was ensuring that the data we
collected was accurate. The pressure and temperature sensors selected during our design process each
follow a linear scale in terms of proportioning data values (pressure, temperature, flowrate) to current.
This current is represented as an analog value that is then converted to a digital value through the ADC.
During calibration, we collected points throughout the range of the sensor and plotted the known sensor
value to the digital value received by the Raspberry Pi from the ADC. Known sensor values were
measured from calibrated sensors already in place at the Zurn Wilkins Hydraulics Lab. An example
calibration plot for Low-Pressure Sensor 1 can be seen below in Figure 4. All other calibration plots can
be seen in Attachment 6.

Figure 10: Sensor calibration plot for LP sensor 1.
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From our calibration plots, we used a linear curve-fit equation to find a slope and bias that converts the
digital value read by the Raspberry Pi into an accurate sensor value. It should be noted that sensors tend to
lose linearity near the ends of their operational range, but this is acceptable given that Zurn Engineers do
not usually test their valves and products at the ends of these ranges.
One of the ways we tested the accuracy of our DAQ was to compare our data recordings to an accurate
gauge following calibration. Ideally, the DAQ and gauge values would align. To study the error involved
in a reading generated by our system, we generated a set of temperature data to compare to the gage used
for calibration. The difference between the maximum and minimum sensor values is plotted versus the
gauge temperature at each data point in Figure 11.

Figure 11: Error versus gauge temperature.
Figure 11 shows that the error associated with our measurement of temperature is less than ±1°F
throughout the entire range of calibrated values (140°F was the highest value used in calibration, and
anything beyond that is reliant upon the curve fit correlation). This agrees with the fact that the gauge
used for calibration has a resolution of 1°F. Our conclusion from this analysis is that our temperature
sensors are calibrated within the uncertainty of the gauge (±0.5°F), meaning our sensors can be used with
just as much certainty as the gage used for calibration. This gives us confidence that our temperature
sensors, along with the rest of our sensors, are accurate enough for the tests that our system will be used
to perform.
This test allows us to confirm that several of our specifications are met. These are Specifications 2-4, 6,
and 8. Specification 2 states that the time to view data after a test is completed must be under five
minutes. With our flash drive, the data can be immediately transferred to a laptop. This process takes
under a minute if the laptop is near the test location. Specification 3 says our measured values should be
within five percent error of the actual (calibration gauge) value. Our uncertainty analysis shows that this
is met thoroughly. Specification 4 simply states that we must verify that data collection occurs each time a
test is run, and the data shown throughout this section is proof of such. Specification 6 requires at least
8GB of output data storage. Our flash drive has a 256GB capacity, ensuring there is room for a large
amount of data that could be generated during a long-term test. Specification 8 stipulates that our setup
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process to begin a test must be less than 10 steps. Our current program includes four separate input phases
where the user defines the filter size, period, and which sensors should be used during a test. This process
takes less than a minute to complete, meaning our specification is met by the system.
3.3 Flowmeter Grounding
The flowmeter grounding test was necessary to ensure that the data collected from the flowmeter at Zurn
Wilkins did not drift due to a non-grounded signal. The ADC uses a reference ground (COM) to
determine the current of an incoming signal, and in the past experience of Zurn Wilkins engineers, if this
ground is not connected to the same ground as the flowmeter power supply, the data will drift. This issue
manifests itself as a false flowrate reading. For example, if the flowrate in the pipe was zero, the ADC
might read that there is a positive or negative flow rate due to the non-grounded sensor.
To prevent this issue from impacting our system, we connected a wire from the ground connection on the
3-pole connector going to the flowmeter to the ground pin on our LCD i2C backpack. We used a
multimeter to verify that the COM port on the ADC and the opposite end of the 3-pole cable were
electrically connected, thus ensuring that the whole system shared the same ground. Figure 12 below
illustrates this shared grounding, and the User Manual describes the wiring schematic required to achieve
a shared ground.

Flowmeter GND

LCD and Pi GND

ADC COM

Figure 12: Shared ground between the ADC, flowmeter, and Raspberry Pi.
3.4 LCD Input Monitoring and Live Display Test
For our LCD user interface, input monitoring and live display testing was done iteratively throughout our
design and testing process. As we received feedback from Brian Yale and other Zurn Wilkins engineers,
we modified and tinkered with our user interface to best fit the needs of our customer.
For example, on the first day we tested at Zurn Wilkins, we had issues with start-up and set up on the
LCD for a test. Immediately after, we implemented a shut-down command during set up as well as during
a test, which solved our issue of LCD response. Moreover, Brian suggested that we implement a menu
after setup and before testing to give the user the option to proceed to testing or to restart setup. This
menu is important because it allows engineers to restart the setup if they mis-press a button and add the
incorrect sensor or frequency
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Now, our user interface possesses the following features after iteration and testing:
•
•
•
•
•

Pause/play buttons during data recording
Option for Shut down initialization at all times
Light flash feedback when a button is pressed
Live feedback of sensor values and time on the LCD during testing
Customized naming of each of the different flow sensors at the lab (Mag 1, Mag 3, Mag 5, etc.)

Live feedback on our LCD is extremely valuable for Zurn Engineers because it allows them to see sensor
data without taking the USB drive back to their computers to post process. It was also valuable for us to
ensure our sensor calibration was correct. The following two photos were taken in quick succession while
the flowrate was at steady state, and they depict our DAQ’s live data capabilities as well as our accurate
flow meter calibration.

Figure 13: Comparison of DAQ and flowmeter flowrate values.
3.5 Casing Internal Temperature Test
The temperature of the electronic components in our casing is one potential failure. That is, if the
electronics get too hot, they will shut off to protect themselves. To ensure that our electronics did not
overheat inside the casing during high-sensor tests, we included a line of code in our program to output
the Raspberry Pi’s Processor temperature, which is typically the highest temperature of any component on
the board. The maximum operating temperature for the Raspberry Pi is 85°C. However, the Pi begins
throttling at 80°C, meaning that the system will slow down to protect itself from overheating. To test this,
we connected seven pressure sensors, one temperature sensor, and the flowmeter to the system. We
operated the DAQ at high frequency, taking data points every 0.01 seconds and averaging them out every
0.1 seconds. This frequency is the highest that our sponsor uses in testing, and it is never used for a
significant number of sensors, so this test is very robust in proving the capabilities of the system. During
the test, we ran the line of code to output the processor temperature, and the highest value we observed
was 58.4°C. This is shown in Figure 14 below.
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Figure 14: Raspberry Pi CPU temperatures during Casing Internal Temperature Test.
With a 22°C margin during a more strenuous test than Zurn Engineers will likely need to run, we feel
confident that our system will not experience overheating issues while in the lab. This test satisfies the
Environmental Resiliency specification, but we do heed warning to using the system while it is in the hot
Paso Robles summer sun outdoors. Further testing should be performed to evaluate the system’s
effectiveness in extremely hot outside conditions.
The following table summarizes our testing process and states which specifications were met by each test:

Table 2: Specification Table along with its satisfying test and result
Spec. #
Specification Description
Test
Pass/Fail
1

Number of Data Collection
Ports

Sensor Calibration Test

P

2

Time to Collect Data

LCD Input Monitoring
and Live Display Test

P

3

Percent Difference from
Calibrated Equipment

Flowmeter Grounding,
LCD Input Monitoring

P

4

Verify Data Collection

5

Environmental Resiliency
Testing

6
7
8

Type/Size of Output Storage
Measure all Transducer
Fittings
Set Up Process

LCD Input Monitoring
Ingress Protection Test,
Internal Casing
Temperature
Live Display Test

P
P
P

Sensor Calibration Test

P

Live Display Test

P
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3.6 Takeaways from DV
Through the course of calibrating our sensors, we realized just how easy it is to do. Due to our choice of
hardware (ADC and Pi) and ability to output time and digital values, it was very simple to relate an
accurately measured quantity from a known calibrated device to a set of values collected with our DAQ
and form the curve fits used to calibrate our system. This was the goal from the beginning of the project,
so while unsurprising, it was very nice to see.
We were also very satisfied with the user experience that we had while using our system for testing. We
were able to consistently operate the system without intervening from the mouse and keyboard, which
proved to us that the system will function as intended in the lab. The live read-out of values helped us to
expedite the data collection process for calibration. The shut-down feature was of immense help when
ending a test and starting a new one. Interacting with the system was simple and effective, meeting our
goal of making our DAQ easy to use.
Another takeaway from our testing is something we learned from Bill, an engineer at Zurn Wilkins: linear
sensors tend to lose their linearity near the boundaries of values within their rated range. While we did not
see this phenomenon with significance during our calibration testing, these nonlinearities could
potentially produce inaccuracies in data collection. For example, a 0-200 psi sensor may not have a
completely linear calibration near 0 and 200 psi. Fortunately, Zurn Wilkins engineers rarely test their
products near 0 psi, and if they are testing near 200 psi, they can bump up to the high-pressure sensors we
have provided.
Lastly, our testing gave us the confidence that our system can generate the data needed for a wide range
of engineering uses. The modularity engineered into our system from the ground up will give our sponsor
the ability to study almost any phenomenon he likes. From water hammer analysis with very highfrequency single-sensor values, to steady state testing for several different locations on a backflow
preventer, our system is the perfect fit for Zurn Wilkins engineers.
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4. Discussion & Recommendations
Throughout this project, our team learned that this design challenge was very different than the typical
mechanical engineering senior project. There was very little mechanical design work to be done, but we
had to be very cautious of component compatibility. We had to select Analog-Digital-Converters that
were compatible with the Raspberry Pi and with the sensors that we selected, receptacles and cables that
had the proper connection for the sensors, and mounting components that matched the hole patterns on all
our printed circuit boards.
Another large takeaway our team gathered is that this project is just the beginning of the DAQ’s life, and
there will be future updates and improvements implemented as needed. Due to the modular nature of our
design, any updates in the future should be relatively easy to integrate into the existing system.
One last takeaway is that setting realistic goals is a great way to make sure your project is received well
and does not leave the designer and the end user wishing for more. We noticed with other projects that
many of the specifications were not met, and often this can be attributed to setting the bar too high. Our
team and sponsor were conservative with defining the “wants” and “needs” of our project which resulted
in everybody being satisfied at the end of the project, with all specifications being met and several of
them being exceeded. The form of the project, being a data collection system rather than a specialized
water fitting re-design, that Zurn Wilkins has had senior projects perform in the past, was also very
appropriate for the level of experience that typical senior project students have coming into the project.
This approach should be taken by more senior project sponsors and teams to improve the experience of
everybody involved.
During the three sessions we spent testing at Zurn Wilkins, we were able to speak and work with several
Zurn Wilkins engineers and technicians onsite. During these conversations, they spoke about next steps
for the DAQ that could be taken in future senior projects. We discussed improvements that could be made
to the user interface and data uploading aspects of the DAQ, adding a flow rate control to the system, and
providing a means to calibrate new sensors without requiring a monitor and keyboard attached to the
Raspberry Pi. A future iteration of this project would implement a more detailed user interface that could
include a large touch screen and live data plotter accessible without opening the casing itself. Moreover,
the data collected, rather than being written to a USB drive, could be uploaded directly to the Zurn
Wilkins Microsoft Teams Suite. We initially planned to upload data directly online, but our plans were
halted when Bill, an engineer at Zurn, explained that he failed in the past due to the multiple firewalls on
the Wi-Fi onsite. A more experienced programmer may have more luck getting around these firewalls.
With regards to flowrate control, if we had more time on the project, we believe we could effectively
implement this feature into our system using feedback loops and some sort of solenoid valves. Selfcalibration would allow the engineers at Zurn Wilkins to add more sensors as they please as well as recalibrating the sensors already in place without the need of a keyboard and monitor.
A major need of our design is its ability to prevent water ingress. While most of our components are
IP66-rated or higher, the power receptacle is a location where water could potentially enter our DAQ. We
selected the receptacle because it was recommended by Zurn Wilkins engineers themselves, but if we
were to change our design, we would seek a receptacle that is truly water resistant to ensure our DAQ is
as safe to operate as possible in a wet environment.
Our manufacturing process was minimal due to our project’s nature, but one thing we would change if we
were building the DAQ again would be to find a better way to clamp down the casing while drilling holes.
Some of the holes we drilled saw slight travel because it was difficult to keep the casing in one position
while drilling. Using a drill press resulted in vibrations causing the drill bit to wander as it cut. Another
aspect we would change is the wiring inside the casing. We initially planned to color-code each wiring
component help differentiate wiring for different parts of the system but did not have the time to source
wires that matched the colors of the receptacle wires for sensor power and signal.
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Use recommendations for use of the final DAQ box design are limited to the following cases: Be careful
when manually changing program code and calling the LCD screen twice in a single instance. This can
confuse the I2C bus and render the LCD display useless and full of unfamiliar characters. Another
recommendation is to be sure to use the correctly numbered sensors in the correct ports. Since the
calibration coefficients are hard-coded into the program, misuse of sensors can lead to inaccurate values.
The last recommendation is to keep the box closed as often as possible. Since the DAQ box has been
designed to operate in the hydraulics lab, it is virtually watertight. Although be careful when interfacing
with the LCD screen around open water sources, as this leaves the sensitive electronics vulnerable to
water ingress.
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5. Conclusion
Overall, the project gave the team a chance to experience the engineering setting in a corporate
environment, as well as produce a system that will be put to work from the moment it reaches the Zurn
facility. The final DAQ system design allows engineers to achieve semi-autonomy with regards to R&D
specifications for new pipe fittings. The system allows engineers to hook up the sensors, specify some
testing variables, then let the system run until the test is complete. This lets engineers focus on other
projects instead of characterizing new pipe fittings, saving both time and money.
There were two “wants” at the beginning of the project that our team was unable to fulfill. The first of
these wants was the ability to control the flowrate in a pipe with our system. This would allow the user to
collect data at several flowrates more quickly and more precisely than using the manual valves currently
installed in the flow lines. Our team determined early in the project that this would be a significant
challenge for a fully separate senior project, and we declined to spend time working on something we did
not feel confident in completing. The second “want” was the system’s ability to connect to wireless
networks and upload data in real time. This would allow more streamlined access to test data, especially
for long term tests. Unfortunately, the wireless network at Zurn Wilkins has security measures in place
that prevented another Zurn Wilkins engineer, Bill Orr, from integrating this type of functionality into his
own data collection systems. For this reason, we did not pursue this capability of our system further than
initial discussions.
Our project developed and assembled a data collection system for engineers at Zurn Wilkins to use in the
development, testing, and certification of new products. We met the needs of the sponsor, including
number and type of sensors, time to collect data, ingress protection, and ease of use. The final data
collection system can collect up to twelve data signals (eight pressure, three temperature, and one
flowrate) concurrently, and writes the data to a flash drive in .csv format which is easily accessible
through a program such as Microsoft Excel. The electronics are housed within a waterproof plastic casing
with waterproof receptacles allowing the signals and power to connect to the electronics inside. During
testing, our system proved very easy to use and impressed all the Zurn Wilkins engineers who had a
chance to observe the system in operation.
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Attachments
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Attachment 1: Fully Annotated Code
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Attachment 2: Final Project Budget
F15 Flow DAQ Budget
Title of Senior Project: FLOW DAQ
Team members: Jameson Spitz, Jason Hu, Nate Werdmuller, Sam Maxwell
Designated Team Treasurer: Sam Maxwell
Faculty Advisor: Peter Schuster
Sponsor: Brian Yale, Zurn Wilkins
Quarter and year project
began: Fall 2021
Materials budget given for
this project:
$1,000.00 From Cal Poly
Sponsor Budget:
$5,000.00 From Zurn
Budget:

Date
purchased
10/28/2021
1/4/2022
1/19/2022

Vendor
Coast Electronics SLO
Coast Electronics SLO
CanaKit

Vendor Part #

1/30/2022

WidgetLords

2/8/2022
2/1/2022
3/14/2022
3/14/2022
3/14/2022
3/14/2022

Adafruit
Amazon
Automation Direct
NOSHOK
Automation Direct
Automation Direct

3/14/2022
3/14/2022

Polycase
Widgetlords

PI4-4GB-EXT128EW-C8-BLK
PI-SPI-8AI-8MA
Pi-SPi-PS-24VDC
Pi-SPi-CABLE-40x26-2
Pi-SPi-CABLE-26x26-2
1115
1986
1112
Unlisted
PTD25-20-0500D
810--22/250-1-1-2-25-025-6
7000-40021-0240300
ZP-S1-3MFP-10M
ZH-161407-05
DR-62
VPE-4450A

3/14/2022

McMaster - Carr

6897K327
69355K58

3/14/2022

McMaster - Carr

8036K1

4/6/2022
4/26/2022
4/26/2022
4/30/2022

Coast Electronics SLO
Home Depot
Coast Electronics SLO
Amazon

4/25/2022
4/27/2022

McMaster - Carr
Polycase

N/a
N/a
N/a
N/a
90279A115
91773A106
91780A560
3185K112
7147K21
DR-62

Description of items purchased
Arduino Uno REV3
Spare Breadboard
Raspberry Pi 4B Extreme Kit (4GB)
4 ADC's
1 ADC Power Supplies
26-26 Ribbon
26-40 Ribbon
2x16 LCD Character Display and required cables
40-26 ribbon (2)
Stacking Header (5)
40-40 GPIO Y Splitter
High Pressure Sensors
Temperature Sensors
M12 Cables
7/8-16 3pole cable
Polycase ZH case
DIN Rail
DIN Rail Mounting Kit (4)
4-Pole Female Receptacle w/ wire leads (P/T
sensors)
3-Pole Female Receptacle w/ wire leads (F
sensor)
NEMA 5-15 Three-Blade Panel-Mount Male
Receptacle
2 2x12 Bus Bars
iFixIt kit
26 AWG Wire
Velcro
22 AWG wire
Amazon bus bars
1" #4-40 Screws
1/4" #4-40 screws
5" #4-40 Female Threaded Hex Standoff (8)
Flow meter receptacle locknut (2)
Power strip
Additional DIN Rails ( 2)

iBOM Part
#
N/a
N/a
1210
1220
1223
1221
1222
1230
1232
1233
1231
1320
1340
1410
1420
1110
1120
1121

Account
Balances

$6,000.00

Part
Costs

99.80
14.95
1.95
1.75
19.95
2.95
1.95
9.99
259.43

127.56
12.42

1131
1132

218.46
22.58

1133
1240
N/a
N/a
1141
1250
1123
1124
1125
1134
1140
1120

22.64
8.98
14.99
4.99
2.98
7.99
9.59
7.62
4.54
28.16
1.44
21.30
12.42

Shipping/
Tax
-

Transaction
Total
$54.36
$14.13
$197.00

$121.95

$51.19

$173.14

Zurn

$35.60
$9.99
$540.00
$778.28
$115.50
$57.00

$18.02

$53.62
$9.99
$587.25
$834.71
$125.61
$57.00

Zurn
reimbursement
Zurn
Zurn
Zurn
Zurn

$139.98
$39.80

$31.76
$13.37

$171.74
$53.17

Zurn
Zurn

-

$2,996.93
$2,943.76

$241.04

$30.64

$271.68

Zurn

-

$2,672.08

$22.64

$10.26

$32.90

Zurn

-

$2,639.18

$28.96
$2.98
$7.99
$9.59

$2.53
$0.26
$0.70
$0.84

$31.49
$3.24
$8.69
$10.43

reimbursement
reimbursement
reimbursement
reimbursement

$63.06
$24.84

$5.52
$0.00

$68.58
$24.84

Zurn
Zurn

Subtotal

$47.25
$56.43
$10.11

Purcahse
Method
reimbursement
reimbursement
reimbursement

Cal Poly
$945.64
$931.51
$734.51

Zurn
-

-

$4,826.86

$724.52
-

$693.03
$689.79
$681.10
$670.67

-

$4,773.24
$4,185.99
$3,351.28
$3,225.67
$3,168.67

-

$2,570.60
$2,545.76

2-1

4/27/2022

WidgetLords

VPE-4450A

Additional DIN Rail Mounting Kits (3)

1121

$9.95

$29.85

$38.03

Total expenses:
Remaining Balance:

$67.88

Zurn

-

$2,477.88

$2,851.45
$3,148.55
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Attachment 3: Risk Assessment
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Attachment 4: User Manual

F15 Flow DAQ Senior Project
User Manual
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Safety
The following section outlines safety precautions that must be taken when using the DAQ. There are three
main safety hazards associated with this product: water ingress, wiring, and tripping hazards.
Electrical Safety: Water Ingress
Our Flow Data Acquisition system is nestled within a Polycase ZH-161407 waterproof electrical
enclosure. This casing, without modification, is:
•
•

NEMA 1, 2, 3, 3R, 3X, 3RX, 3S, 3SX, 4, 4X, 5, 12, & 13 rated
IP65 & IP66 environmental rated

We have modified the case by drilling holes and mounting Micro M12 and Mini 7/8-16 connector
receptacles to interface electrical signals between the sensors outside the casing and the DAQ inside the
casing. These receptacles are IP67 environmental rated.
We have also drilled a hole to install a power receptacle, and we secured the receptacle to the casing wall
using waterproof epoxy. This receptacle is connected to a power strip inside the casing, and it allows our
DAQ to be powered via extension cord that is plugged into a nearby wall outlet.
THIS POWER RECEPTACLE IS NOT IP ENVIRONMENTAL RATED.
Thus, the Flow DAQ is not completely water resistant! Water ingress will not occur between the
receptacle and the case, but it may occur through the receptacle prongs. To prevent water ingress into the
casing, please follow the following safety precautions when the casing is in the lab:
1. Identify a location within the lab with minimal to no water spray to place the casing during
testing.
2. Orient the casing so the power receptacle faces AWAY FROM the hydraulic pipes.
3. Limit durations that the casing is open while water is flowing in the lab.
a. If there is water spray near the casing DO NOT OPEN THE CASING.
Electrical Safety: Wire Connections
This DAQ is designed to be a modular system that can be modified to fulfill future needs of Zurn Wilkins
Engineers. During DAQ modification, care must be taken to ensure proper wire connections. Please refer
to the “System Assembly” section for setup instructions.
Mechanical Safety: Dropping and Tripping Hazard
While steel toe boots are required in the hydraulic lab, our casing still presents a dropping hazard due to
its size and weight. Once a suitable location for the casing is selected, which we envision being a roller
cart, mount the casing to the cart so that it cannot be knocked over.
With extension cords powering our casing, be sure to prevent tripping hazards from the cord by placing it
in low-traffic areas.
System Assembly
The following section will detail the components in the system and how they are interconnected.
Sensors
Our system utilizes 4 separate types of sensors, and the programs are specifically written for these four
sensors. Each sensor has a specific receptacle on the DAQ casing corresponding to it. Manufacturer part
numbers for each sensor used can be found in the iBOM. The sensor numbering is shown below:
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Sensors 1-4: Prosense 0-200psi “low pressure” sensors
Sensors 5-8: Prosense 0-500psi “high pressure” sensors
Sensors 9-11: Noshok temperature sensors
Sensor 12+: Flowmeter
Sensor Cabling
For our selected sensors, there are two separate types of cables to interface between the sensors
themselves and the receptacles. Each pressure and temperature sensor uses the same 4-pole “micro”
connector cable, and the flow meter uses a 3-pole “mini” connector cable. Manufacturer part numbers for
each cable used can be found in the iBOM. The following table describes which cable to use for each
respective sensor type.
Sensor Number

Cable Type

1-11

4-Pole M12 Cable

12

3-Pole 7/8-16 Cable

Wiring
Our DAQ consists of multiple electrical components that must interface with each other through wires.
The following section explains the wiring that was completed to create the system. ADC 1 (master)
contains the wiring for the temperature sensors and the flowmeter. ADC 2 (slave) contains the wiring for
the pressure sensors.

ADC 2

ADC 1

Figure 1. Photo of ADC 1 and ADC 2 side-by side and connected to the Raspberry Pi.
Pressure Sensors: Cable to Receptacle Wiring
All 8 pressure sensors are wired to ADC 2. Each pressure sensor utilizes two wires for its data collection.
One wire delivers power to the sensor, while the other wire delivers a signal to the receptacle. The
following image is taken from the ADC manufacturer. It illustrates how a two-wire 4-20mA sensor
should connect to the ADC.
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Figure 2. Two-wire transmitter connection schematic.
Because the system is water-resistant, each sensor first connects to a receptacle before being wired to the
ADC. The following image describes the orientation of the M12 receptacle wire leads. Two-wire
transmitters only utilize the white and brown wires shown below. The black and blue wires are unused.

Figure 3. M12 Receptacle wiring configuration.
Pressure Sensors: Receptacle Wire Leads to ADC Wiring
Numbered pressure sensors connect to their respecting analog ports on the ADC. An example of this is as
follows:
ADC 2 (follower):
Sensor number 1’s white wire connects to analog port A1 on the leader ADC.
Sensor number 5’s white wire connects to analog port A5 on the leader ADC.
*This applies for M12 connectors 1 thru 8.
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LP1-HP8 V+

LP1 4-20mA
HP5 4-20mA
HP6 4-20mA

LP2 4-20mA

HP7 4-20mA

LP3 4-20mA
LP3 4-20mA

HP7 4-20mA
LP4 4-20mA

Chip Select 2
Figure 4. Pressure sensor wiring on ADC 2.
1. Find the brown and white wires coming from the sensor.
2. Identify the channel on the ADC which the sensor will be connected to.
3. Connect the brown wire to the V+ line on the Bus Bar.
4. Connect the white wire to the port with the intended channel number.
5. Example: For a sensor being wired into channel 1, the brown (+) wire will be plugged into the Bus Bar
(V+). The white (-) wire will be plugged into port 2 (A1). See Figure X below for a visual reference.
Repeat for all additional pressure sensors you wish to use.
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Figure 5. ADC Port Schematic.
Pressure Sensors: Bus Bar Wiring
The DAQ contains two bus bars [1240] that are used to provide power to each sensor. Each bus bar is
connected to a V+ port on the ADC. Then, the V+ is jumped to multiple ports in parallel. This is where
the brown power wires from the receptacle connect. Bus bar 2 provides power to sensors 1-8. In the figure
below, the red jumper wires ensure that each port draws power from the ADC to run the corresponding
connected sensor.
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Parallel Wiring
V+ from ADC

V+ from Pressure
Receptacles

Figure 6. Pressure sensor bus bar wiring.
Temperature Sensors: Cable to Receptacle Wiring.
Each temperature sensor utilizes two wires, similar to the pressure sensors. However, the temperature
sensors use the brown wire for V+ power, and the blue wire for the 4-20mA data signal. If the
temperature sensors are connected with the white wire for data, they will not generate any reading. The
below list describes how each receptacle’s blue wire should be connected to the ADC
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Temperature Sensors: Receptacle Wire Leads to ADC Wiring
On ADC 2 (Slave):
Temperature sensors connect to the slave ADC in sequential order. Examples follow:
Sensor number 9’s blue wire connects to analog port A1 on the master ADC
Sensor number 10’s blue wire connects to analog port A2 on the master ADC
Sensor number 11’s blue wire connects to analog port A3 on the master ADC

T11 4-20mA
T9, T10, T11 V+
T10 4-20mA
T9 4-20mA

Chip Select 1

Figure 7. Temperature Sensor wiring on master ADC. The wire labelled V+ goes to the bus bar and is
distributed to each temperature sensor.
Temperature Sensors: Bus Bar Wiring
The temperature sensors are powered from the master ADC’s V+ port. The image below in Figure 8
shows these connections:

Parallel Wiring

V+ from ADC

V+ from Temperature
Receptacles

Figure 8. Temperature Sensor Bus Bar Wiring.
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Flowmeter: Cable to Receptacle Wiring
The flowmeters at Zurn Wilkins utilize three wires for its data collection. One wire delivers power to the
sensor, while the other two wires deliver a signal to the receptacle. It is important to note that the
flowmeters at Zurn Wilkins are independently powered—they do not require the power delivery wire to
function. The following image is taken from the ADC manufacturer. It illustrates how a three-wire 420mA sensor should connect to the ADC.

Figure 9. Three-wire transmitter connection schematic.
Because the system is water-resistant, each sensor first connects to a receptacle before being wired to the
ADC. The following image describes the orientation of the 7/8-16 receptacle wire leads. Only the signal
wires are used. The green wire is unused.

Figure 10. 7/8-16 Receptacle wiring configuration.
Flowmeter: Receptacle Wire Leads to ADC Wiring
Since the system has been designed to operate on an externally powered flow meter, a unified grounding
technique must be employed to ensure that the flow meter, the ADC and the RPi all share the same
ground. Failure to do so will result in a ‘floating ground’ phenomenon where the program-value of flow
seems to change when the flow is in fact held constant. To unify the grounds between the three devices:
1. Find the white wire coming from the flow meter receptacle (sensor number 12)
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2. Plug and secure the white wire into the portion of the bus bar with black wires, this is the GND portion of
the bus bar
3. The GND portion of the bus bar will split off in two directions. The ADC COM port and the LCD GND.
See Figure 12 for a visual.
4. Cut and connect a green wire to the GND portion of the bus bar
5. Connect the other side of the green wire to the GND pin on the back of the LCD. See Figure 13 for a
visual of this connection to the LCD.
6. The black wire coming from the flow meter receptacle will connect to ADC pin A7.
Figure 11 below shows the ADC connections for the flow meter:

F12 4-20mA
F12 GND

Figure 11. Flow Meter connections the master ADC.
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Flowmeter: Bus Bar and LCD Wiring
The following images show how the bus bar, ADC, and LCD connect such that the flow meter is properly
grounded and will produce a good signal.

Parallel Wiring
To LCD GND
Flowmeter GND
To ADC GND

Figure 12. Bus bar wiring for the flowmeter

Figure 13. Ground wire connected to the LCD. The pin used is three in from the short edge and
in the row closest to the long edge of the LCD backing plate.
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ADC to ADC Wiring
To connect the ADC’s together and allow data to pass to the Raspberry Pi, use the 26x26 Ribbon Cable.
1. Orient each ADC to be connected such that the two 26-pin headers are at the end of the board furthest
from you. Looking down from above, this is the top of the board.
2. Connect one end of the 26x26 ribbon cable to the right-hand 26-pin of the left-hand ADC and ensure the
red wire is the closest wire to the top of the board.
3. Connect the other end of the 26x26 ribbon cable to the left-hand 26-pin of the right-hand ADC, again
ensuring the red wire is the top-most wire.
4. Connect a wire between the V+ port on each of the two ADCs. This enables 1 power supply to provide
electricity to both ADCs and all sensors attached.

Figure 14. Example ribbon cable connection between ADCs
ADC to Pi Wiring
To connect the ADC to the Raspberry Pi, use the 26x40 Ribbon Cable
6. Orient the Raspberry Pi and the ADC next to each other with the ADC on the right. The pins should
be toward the ends of the boards further away from you, just like in the previous step with the
ADC-to-ADC connection.
7. Install the Y-splitter onto the Raspberry Pi’s 40-pin.
8. Connect the 40-pin end of the 26x40 Ribbon Cable to the right-facing 40-pin on the Y-splitter.
9. The 26-pin end of the cable should stick off to the right-hand side of the Raspberry Pi.
10. Connect the 26-pin end of the 26x40 Ribbon Cable to the left-hand 26-pin on the ADC adjacent to the
Raspberry Pi.
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LCD to Raspberry Pi Wiring

Figure 15. Ribbon cable connection between the Raspberry Pi and LCD.
Ensure the ribbon cables are connected exactly as in the picture below or the LCD may not turn on.
DIN Rail Attachments
Each electrical component in the system is oriented on a DIN rail [1120] using either purchased or custom
mounting kits. The LCD uses a custom mounting backplate, and all other components use stock
WidgetLords DIN rail mounting kits [1121]. All mounting backplates use the same screws to attach to the
rail mounts.
DIN rail 1 contains the Raspberry Pi and ADCs. The following instructions describe how to mount the
ADCs and Pi to the DIN rail.
1. Attach 3 DIN rail mounting kits to DIN rail 1.
2. Orient the Raspberry Pi so that the CPU is facing up and the USB ports are facing you.
3. Use the four stand-off screws to mount the Raspberry Pi to its DIN backing plate.
4. Orient the ADC so that the barrel jack is facing you.
5. Use the four stand-off screws to mount the ADC to its DIN backing plate.
6. Repeat for the second ADC
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Figure 16. DIN rails 1 and 2 and all their components
DIN rail 2 contains both bus bars and the LCD display. The following instructions describe how to mount
the bus bars and LCD to the DIN rail.
1. Attach 2 DIN rail mounting kits and 1 DIN rail baseplate for LCD to DIN rail 2.
2. Use 2 4-40 screws to attach 1 bus bar to each DIN rail mounting kit. Ensure the bus bar is parallel
to the DIN rail, as shown below.
3. Repeat for the second bus bar.
4. Use the 4-40 female threaded hex standoffs to attach the LCD display to its DIN rail baseplat
How to run a DAQ test
Sensor Arrangement
The programs written for this data acquisition system have been specifically calibrated for the following
12-sensor arrangements:
Sensors LP1-LP4: Prosense 0-200psi “low pressure” sensors
Sensors HP5-HP8: Prosense 0-500psi “high pressure” sensors
Sensors T9-T11: Noshok temperature sensors
Sensor MAG1, MAG3, MAG6, MAG7, MAG10: Flowmeter
Each sensor will be labeled LP1, LP2, etc. These sensor labels will correspond a respective sensor
receptacle label on the DAQ casing. In other words, sensor LP1 must be plugged into receptacle LP1 for
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correct data collection. If sensor LP2 is plugged into the sensor LP1 receptacle, the hard coded
calibration constants will be incorrect, and data will not be printed to the .csv file accurately.
Sensor Selection
Upon startup, the LCD display will read ‘Sensor Selection’ on the top line and the sensor ‘LP1’ on the
bottom line. The stock Flow DAQ System comes with 12 numbered sensor ports in which a user can
select from on the LCD screen. Press the up button to toggle to the next sensor and press the down button
to toggle to the previous sensor. To select the sensor to be used for your test, press the select button. The
LCD screen will go dark for ½ a second to confirm your choice. Once you have selected all desired
sensors for a test, press the right arrow button to move to the next stage.
A screen will read your selected sensors back to you, scrolling the sensors from left to right.
Example: You want to use pressure sensors LP1/LP2/HP5, temperature sensor T9, and flow sensor
MAG1.
To accomplish this, press the up and down arrow key to toggle through the different sensors. Press select
to confirm this sensor. Repeat this for the other desired sensors. Press the right arrow once you have
selected all desired sensors to move on. Your selection will be read back to you to confirm you selected
the correct sensors.

Figure 17. Example LCD display during sensor selection.
Low Pass Filter Size
The Low Pass (LP) filter utilizes averaging to reduce unwanted noise caused by internal or external
sources. When the LCD reads ‘Filter Size:’, press the up and down arrows to until the LCD displays the
appropriate value. Press the select button to move on to the next stage. We recommend that you don’t
select a filter value greater than ‘25’ as averaging returns become minimal and reading large quantities of
data for each data collection period could slow down the pace of code. A filter value of ‘1’ means you
average only a single data point per data collection period and is the minimum value you can select.
A screen will read your LP filter choice back to you for 3 seconds.
Example: You want to average 50 points for every 1 point in your plot.
To accomplish this, press and hold the up arrow until the number ‘50’ is displayed. Press select to
confirm your choice.
Example: You do not want to use the low pass filter.
To accomplish this, use the up and down arrows to select the number ‘1’. This means that only 1 data
point will be averaged into the data collection.
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Figure 18. Example LCD display during Low Pass Filter selection.
Data Collection Period
The data collection works in conjunction with the low pass filter. This denotes the period in which postfilter data collection occurs. Press the up and down arrows to select your choice, then the select button to
confirm it. A screen will read your data collection choice back to you for 3 seconds.
Example: You want data to be collected every 5 seconds and have 50 pre-filtered data points go into that
one point.
To accomplish this, select an LP filter period of 50 and a data collection period of 5. This will take 50
data points over the course of 5 seconds and average them into a single point.
Example: You want data to be collected every 1 second and have 15 pre-filtered data points go into that
one point.
To accomplish this, select a LP filter period of 15 and a data collection period of 1. This will take 15 data
points over the course of 1 second and average them into a single point.

Figure 19. Example LCD display during Data Collection Period selection.

4-16

Restart System Safeguard
After data collection you will see the LCD message shown in Figure 20 below. Pressing the right button
will initiate the test, pressing the left button will restart the system.

Figure 20. LCD display for the restart system safeguard feature.
This screen was implemented to give users an option to restart the DAQ system before starting data
collection in case they selected the wrong sensors, low pass filter value, data collection period, or other
test initializing parameters. Pressing the left button will reboot the RPi, allowing the program to fully
reset and begin again with the sensor selection phase. Pressing the right button will proceed the system to
data collection and you will see the message “Data Collection Initiated” printed on the LCD screen.
Starting a Test
To power on the RPi and begin running the program for data collection, simply plug in the power strip
into a power outlet and flip the power strip switch on in the box. The RPi is programed to start the Main
file on boot, first prompting the user for sensor selection. Once the user has followed all prompts on the
LCD screen, data collection has begun once you see the message “Data Collection Initiated’ on the LCD
screen. At this message, the users test has begun.
Within 2 seconds, the LCD will show the current output of the first sensor selected on the LCD screen
under the message “Sensor Data:”. Every 2 seconds, the LCD display updates with a live value,
displaying either pressure, temperature, flowrate, or time elapsed. To toggle between each sensor’s live
value, press the up and down buttons. The LCD will quickly blink, indicating that the program has seen
your button press. It will take up to 2 seconds for the LCD to reflect that button press because of the way
the LCD update timing loop is programmed. If the LCD does not rapidly blink upon a button press, then
the program has not read your input and you are free to press the button again.
When the LCD display reads the time in seconds, pressing the down button will convert the time to
minutes. Pressing down again will convert the time to hours.

Figure 21: Time displayed in seconds, minutes and hours
The test will continue running until a termination or pause command is inputted.
Pause-Play a Test
While in the ‘Data Collection’ phase, you can press the ‘select’ button to pause a test intermittently.
Pressing the button once will display ‘Program Paused’ on the LCD screen. Pressing the button again will
continue the program.
This feature is useful because a user can keep the program paused until they reach a desired flow rate they
want to collect data at. Data is not being written to the ‘.csv’ file while the program is paused and is being
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written to the ‘.csv’ file when not paused. RPi data collection is collected on a user-defined frequency by
default but by taking advantage of the pause-play feature, data is collected upon user request at varied
time intervals. You will see this reflected in the ‘.csv’ file as there will be a jump in the time stamp
between two consecutive rows of collected sensor data in the time the program was paused. Be sure that
the message “Data Collection Paused” is not displayed on the LCD screen while you want to measure
data because data will not be recorded by the program.

Figure 22: Data Collection Paused screen
Terminating a Test and Power Off
At any point in the program runtime, you can terminate the data collection. Press the left and right buttons
simultaneously to order the system to shutdown. The program is structured to safely shutdown the RPi on
its own and eject the USB Flash drive. You will see this shutdown on the LCD screen as the light will go
off in about 5 seconds. Next, see the note below to safely power off the entire DAQ_Box.
IMPORTANT: When shutting down the RPi, wait at least 15 seconds before cutting the power or cycling
the RPi power switch. Failure to do so could result in SD card corruption. To cut power
to the DAQ_Box click the red switch on the power cable. To cut power only to the RPi,
click the RPi power switch attached to the RPi power supply cable. Powering off is not
necessary to remove the Flash drive
To see your data from the test, plug your Flash drive into your monitor or desktop back in the office.
Your data file will be under the external storage device labeled ‘DAQ_CODE’. The file will be labeled
with a unique name of F15_DAQ_{date}_at_{time} and will open as an excel file. You will see all your
data and the time stamp correlating to each data point. Use standard excel functions to make desired plots
of your data. Note that the date and time will reflect the RPi date and time which is inaccurate to the
actual date and time because the RPi is not connected to the internet.
Understand the Code
The following section will detail each of the 5 files that are included in the DAQ program. Each included
file is listed below
a.
b.
c.
d.
e.

Main file
LCD file
Pressure Sensor
Temperature Sensor
Flow Sensor

Software for the F15 DAQ system utilizes the Python programming language and is broken down into 5
files.
Initializing the Test
The Main file is responsible for facilitating the other 4 files to initialize a test through LCD input, read
sensor data, average the sensor data, write the sensor data to a uniquely named ‘.csv’ file, and monitor for
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LCD input during a test. The Main file initializes the test by calling the following four methods from the
LCD file to set up the respective test specific parameter.
Method

Variable

Action

get_Sensor_List()

user_list

Define a list of the selected sensors

get_lpFreq()

filter_in

Define low pass filter count

get_Freq()

period

Define data collection period

begin_Collection()

N/A

Indicate to user data collection has begun

To add any functionality to each of these initializing methods, edit the methods directly within the LCD
file. All direct communication with the LCD screen is handled within the LCD file. If any method is
added in the future to add an initializing parameter, simply create a method in the LCD file and call the
method name in one line of code in the Main file next to the other methods.
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Data Collection Phase
Next the Main file begins the data collection process. To simplify the intricacy of the code and allow for
the code to be easily modified in the future, we organized each action into the following methods within
the Main file.
Method

Variable

Action

lp_filter()

buffer

Reads a single instantaneous measurement
from the ADC for each sensor selected and
appends the list of measurements into the
buffer variable

lp_average()

data

Averages the values stored in buffer into a
single data point for each sensor and stores the
list of data into data

write()

data_str

Writes the current, averaged measurement as
one row of data in the ‘.csv’. Prints a header to
define each column of data on the first iteration
through the method write()

The lp_filter() method is the only method that handles the Pressure_Sensor, Temperature_Sensor, and
Flow_sensor files. When the lp_filter() method is called, it uses the get_measurement() method from one
of the three sensor files to get an instantaneous measurement for each sensor in the user_list. Depending
on the sensor the system is recording a data point for, the respective sensor file will be called which
contains the proper calibration coefficients, and ADC input port for that file. These sensor files are the
only files that have direct communication with the ADC units. To support the addition of a physical
sensor into the code, add a new sensor directly within the respective sensor file. This will be further
elaborated in the Modify the System section.
The lp_average() method is called once the system has collected all of the intermediate data points for
each sensor based on the filter_in value previously defined. This method simply takes an average of each
column of data stored in buffer to create a single measurement for each sensor that is instantly written to
the ‘.csv’ using the write() method. Once the data has been written, all variables such as buffer, data, and
data_str are cleared to store the next iteration of measurements to be written at the end of the next data
collection period.
The lp_filter() method and the lp_average/write() methods are controlled on two different timers to
ensure each action is performed at the right time. It is intended that the averaging and writing only occurs
once all of the intermediate filtered values have been collected yet still occur directly at the data
collection period. See the code documentation to see how these timers have been handled.
LCD Monitoring
Aside from the data collection methods, the Main file is concurrently monitoring for LCD button presses
during a test to check if the user wants to terminate or pause the test or display a different sensor value on
the screen. This functionality is accomplished with the following methods:
Method

Variable

Action

interrupter()

interrupter

Checks for an up or down button press at high
frequency. Returns (interrupter+1) for an up
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selection and (interrupter-1) for a down
selection
check_termination()

NA

Checks if the right and select button have been
pressed simultaneously. If so, the program
ejects the USB Flash drive and safely shuts
down the RPi

display_values()

data3

Updates the sensor and time values displayed
on the LCD screen with proper units. Toggles
to display correct sensor data based on
magnitude of interrupter

The goal of handling the LCD monitoring separately than the data collection is we can run the LCD
methods on different timers to optimize how quickly the LCD screen is updated and LCD button presses
are read. Reading for LCD button presses runs at a significantly higher frequency than displaying values
because we want a button press to be recognized and stored by the program every time a button is
pressed. The display_values() method is run at a slightly lower frequency because updating the LCD
screen too quickly will slow down the pace of the code. Because the LCD is updated slower than the
button press monitoring, you will sometimes see a delay between when you press a button and when the
screen is updated. However, this delay will be no longer than 2 seconds. Make sure not to over press the
buttons thinking the program did not register the press because you will overshoot the data point you want
to toggle to. Each button only requires a quick click to be registered by the program.
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Modify the system
The DAQ system provided to Zurn is envisioned to be one that is modular and can be modified easily.
Manufacturing
To expand the DAQ capabilities, additional sensor may be added. For each sensor added, manufacturing
includes drilling a receptacle hole, installing a receptacle, and wiring the receptacle.
From the senior project team’s experience, we found that using a HSS drill bit is sufficient for drilling
holes into the side of the casing. Before installing receptacles into drilled holes, be sure to sand and deburr
the edges to prevent rips in the receptacle gasket.
When adding a sensor to an existing ADC, follow the guide in the Wiring section.
Once an ADC is full with all 8 sensors, additional ADCs can be added to the system in a “daisy chain.”
Simply connect the new ADC via a ribbon cable to the existing one, and manually adjust the jumper to
the next available option. The ADCs used in this DAQ support up to 32 sensors, which can occur when 4
ADCs are daisy-chained together.

Figure 23. Daisy-chained ADCs connected to a Raspberry Pi.

Adding Sensors in the Program
Once additional sensors are physically added, they must be accounted for programmatically as well. The
following section describes how to program in additional sensors.
To access the code on the RPi, you have two options:
1. Plug in a monitor, keyboard, and mouse into the RPi and alter the program directly on the device
2. Disconnect the flash drive, access, and alter a copy of the program on an external computer, plug
the flash drive back in, then use a monitor, keyboard and mouse to drag-and-drop the code back
onto the desktop of the RPi.
As the DAQ system comes stock, the order of numbers are as follows:
sensorNUM 1-4: Low Pressure Sensors
sensorNUM 5-8: High Pressure Sensors
sensorNUM 9-11: Temperature Sensors
sensorNUM 12-16: Flow Sensors
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Adding any sensor would require appending to this list, this means the next sensor to add will be number
17. Keep this sensorNUM in mind as you copy/paste code blocks in the program.
The next step to adding sensors will be to access the program files, specifically the class definitions of the
sensor you want to add. If adding a flow sensor is desired, you need to access the ‘flowsensor.py’ file.
Step 1: copy/pasting ‘if’ statement in the class definition
Figure 2 is an image of the code block that needs to be copied and pasted in the ‘flowsensor.py’ file to
add a sensor. This ‘flowsensor.py’ file is the class definition of the flow sensor object.
Copy the first ‘if’ statement found in the file and paste it to the bottom of the block of ‘if’ statements
below it. Then, you will have to change the ‘if conditional’ to whatever sensorNUM you have decided.
Example: you change the if conditional from ‘if (sensorNUM == 12)’ to ‘if (sensorNUM == 17)’
Note: The double equals sign is very important.
The self.ADC_pin line needs to be changed to whatever pin you are plugging the sensor into. The value
assigned to the variable self.ADC.pin must reflect the ADC port that sensors’ receptacle is wired to. A
key of the associated program value is shown in Table 1 below.
Table 1. Key for defining which ADC port the sensor is physically wired to
ADC port

self.ADC.pin Value

A1

0

A2

1

A3

2

A4

3

A5

4

A6

5

A7

6

A8

7

The cal_slope and cal_bias lines also need to be altered to whatever calibration curve the sensor follows.
To do this, you will need to plot digital value versus flow/pressure/temperature. The cal_slope line refers
to the slope of the linear equation (y = mx + b) and the cal_bias refers to the y-intercept of the line. These
values will have to be determined experimentally.
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Figure 24. Code block in flowsensor.py file that must be copy/pasted
Next, the Main file will have to be altered to accommodate the sensor. In the program lines 170-195, a
specific line will have to have the sensorNUM appended to its list. If the sensor you want to add is a flow
sensor, you would need to add the number ‘17’ to the list shown below in Figure 25. Additionally, you
must append your new sensor name, such as ‘MAG9’, to the list ‘sensor_labels’ with its index being
matching with the respective sensorNUM value. For example, if you want to add a new sensor number of
17, you will insert the sensor name in the list ‘sensor_labels’ in position 17 of the list. See Figure 26 to
see a sensor being added to the ‘sensor_labels’ list.

Figure 25. Code block in main.py file that needs the sensorNUM appended

Figure 26. List variable in Main file storing sensor labels for printing to the ‘.csv’ file. To add a sensor
17 named ‘MAG 9’, add ‘MAG 9’ to the end of the list.
To properly name the sensor, you must access the LCD file and find all instances of the following block
of ‘if’ statements. There will be two instances of this block of ‘if’ statements. Below the ‘elif self.position
== 16:’ line, you must add another ‘elif’ statement and assign the variable ‘message’ to whatever you
want to name the sensor.
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For example, adding a flow sensor with sensorNUM 17 that you want to call, ‘MAG 9 ’ will require the
following lines to be added. Make sure to add two extra spaces after ‘MAG 9’ so the LCD screen prints
over the previously printed sensor, preventing character overlay.

Figure 27. Example code block in lcd.py that needs to be altered
For example, adding a flow sensor with sensorNUM 17 that you want to call, ‘MAG 9’ will require the
following lines to be added.

4-25

Figure 28. Example of what must be added to every instance of the ‘if’ blocks
Next, find the following block of code shown in Figure 29 within the ‘sensor_selection’ method in the
LCD file. Add another ‘elif’ statement to assign the variable ‘string’ the name of your new sensor. This
process is almost exact to the process shown in Figures 27 and 28.

Figure 29. Block of code in LCD file giving each sensor a name for reading back sensors after Sensor
Selection
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Lastly, within the LCD file find the following block of code around lines 508-522. If adding a flow
sensor, add the number ‘17’ to the ‘elif’ statement which assigns the classification of ‘Flo’ to that sensor.
This change is illustrated in Figure 30, with a red arrow showing where to make the addition.

Figure 30. Block of code in LCD file that assigns a sensor classification to each sensor number for LCD
printing during data collection.
Congratulations, you have added a new sensor to the stock DAQ box. Reboot the system and you will be
able to select your new sensor for data collection on the updated code.

‘Chip Select’ For Adding Sensors
If the sensor you want to add is not on the same ADC as its similar sensors, you would need to change the
‘mod8AI()’ line in the copy-pasted code block. Note that all the pressure sensors are on mod8AI(1) while
temperature and flow sensors are on mod8AI(0). If you wanted to add another pressure sensor to the
leader, or first-in-line ADC, you would need to change that line in the code block to mod8AI(0) instead of
mod8AI(1).
Now, in the main.py file, you need to append the number of the sensor into the ‘if’ statements on lines 8691. If you are adding pressure sensor number 13 to the system, at the end of the list on line 86, add a ‘13’
to it. This will allow the number 13 to be called everywhere else.
Working with Adafruit and WidgetLords Libraries
Python documentation to program with the Widgetlords ADC’s can be found in the links below:
https://widgetlords.com/pages/pi-spi-8ai-python-code-samples
https://github.com/widgetlords/libwidgetlords/tree/master/python
Python documentation to program with the Adafruit LCD and backing plate keypad can be found in the
link below. See the ‘I2C RGB’ and ‘Keypad’ sections for the relevant documentation as the other sections
refer to different LCD’s.
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https://docs.circuitpython.org/projects/charlcd/en/latest/examples.html#keypad
Please see code documentation for detailed documentation of each line of code and indicators to useful
lines of code that should be uncommented when testing and calibrating the DAQ box.
Troubleshooting
This section will describe any common issues we found while building the DAQ system and how we
went about solving the issue. These problems will involve both software and hardware troubleshooting.
System not Registering Flash drive
The system is programed to wait for the Flash drive to be inserted before starting data collection. You will
see the error message below on the LCD screen if the program does not see the Flash drive.

Figure 31. This message is displayed when the RPi does not read the Flash drive. Data collection is
paused until the Flash drive is inserted. You need this Flash drive to collect the data from your test.
If you see believe that the Flash drive is properly inserted, then most likely the directory of your Flash
drive is not what is programed into the system. The directory the program searches for the Flash drive is
‘/media/pi/DAQ_CODE/Verification_Prototype’. When inserted, the Flash drive automatically appears
under the ‘/media/pi’ directory. ‘DAQ_CODE’ is the name of the Flash drive and
‘Verification_Prototype’ is the name for the folder the ‘.csv’ file is located under. If you use a new Flash
drive in the future, either you must match the Flash drive name and folder name or edit the program line
in main.py (around line 64) changing the program directory to the Flash drive.
LCD Displaying Strange Characters
Every so often, the LCD screen will display strange characters in the process of initiating a test. You will
recognize this problem when you see it. We have never seen this problem occur in the middle of a DAQ
test, only when first initializing the test parameters. Fixing this issue is a simple process. First you must
shutdown the RPi using the left and right button shutdown command. Once shutdown, unplug the LCD
ribbon cable from the RPi and plug back in. Then power the system back on, running on boot, and the
LCD should be operating as normal. If there is still an issue for whatever reason, try the shutdown process
again.
Termination Command is not Working
We had the issue that our termination command (left button and right button simultaneously) did not
terminate the program because the system did not account for termination in that stage of the program
execution. This issue may be more commonly an issue after you have edited the code and forgot to add
the terminating condition for your new block of code. The saftest way to shutdown the RPi is to bring it
back to the office and plug in a monitor, keyboard, and mouse and run the command ‘sudo shutdown -h
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now’. This will shutdown the RPi and you are safe to power off the system when the RPi green light stops
flashing. If connecting the system to a monitor is not an option, the next saftest shutdown procedure is to
press the switch controlling only RPi power. Once this power is off, and the green light stops flashing you
are free to cut system power.
To program the shutdown procedure back into your new block of code, add the following lines within
your edits in the LCD file. The shutdown() method refers to the shutdown method in the LCD file, not the
main file.

Figure 32. Checks for left and right simultaneous keystroke and calls the appropriate methods within the
LCD file to safely terminate the program.
Sensor not Registering
There are a multitude of reasons as to why the sensor may not be read correctly in data collection. The
last thing you want is to collect all your data and then realize the program did not read the sensor data
correctly. To prevent this, check that the sensor data displayed on the LCD screen seems correct directly
once you begin a test. The data being displayed on the LCD screen is the data written to the ‘.csv’, so if it
looks good on the LCD then you will have the correct data on your Flash drive. The reasons as to why the
sensor may not be read correctly and their respective fix are listed below.
Reason

Fix

You selected the wrong sensor

Order the shutdown keystroke on the LCD
and reboot the system to select correct sensor

Sensor is plugged into the wrong receptacle

Ensure the sensor you are using for data
collection matches with the respective
receptacle label on the box. Reboot the
program

Inside wires are not connected to ADC’s
correctly

Power off the system. Follow the sensor
Wiring guide in this user manual to reconnect
the wires.

ADC Chip Select incorrect

Power off the system. Follow the ‘Chip
Select’ for adding Sensors guide above.
Keep in mind modifications must be made on
the physical ADC and in the programming

ADC pin variable is incorrece

The physical sensor wiring to the ADC does
not match the ADC pin described in the
respective sensor file. Check that the
self.ADC_pin variable matches the physical
sensor input to the ADC
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SD Card Corruption
If the SD card becomes corrupted for one reason or another, certain programs, or data structures on the
RPi can no longer be altered. This is a tell-tale sign of card corruption. An example of this is if you alter
and save the code and those alterations do not remain after a reboot of the RPi. The only fix for this is to
purchase a new SD card, reinstall the necessary libraries and load a back-up of code. The SD card that
comes stock on the DAQ system is a SanDisk 128gb high-speed microSD card.
1. The required third-party libraries needed for program execution are:
a. Widgetlords PI-SPI library
b. Adafruit CircuitPython library
2. You will also need to format the new microSD card and install the latest version of Raspbian onto
it.
3. Useful websites are linked below.
4. How to install the Widgetlords PI-SPI Library:
https://widgetlords.com/pages/getting-started-with-pi-spi-libraries
1. How to install the Adafruit CircuitPython Library: Don’t worry about setting the RPi up for SSE
as this is unnecessary.
https://learn.adafruit.com/circuitpython-on-raspberrypi-linux
Once the steps in the link above have been completed, complete the guide in the following link to
install the CharLCD library onto the RPi.
https://docs.circuitpython.org/projects/charlcd/en/latest/
2. How to install Raspbian Operating System on Raspberry Pi:
https://www.raspberrypi.com/software/
3. Lastly, to return the DAQ system to its working state, you will need to configure the RPi to run
on boot. Follow the Starting the Program on Boot guide to do this
Starting the Program on Boot
This section will be a guide to program the RPi to run on start up. The steps are as follows:
1. Enter the line ‘sudo nano /etc/rc.local’ in the RPi terminal window.
2. Scroll to the bottom of the pop up file and add your desired RPi directory line just above the ‘exit
0’ line. An example line is highlighted in red below in Figure X.

Figure 33. Program line to input to run a desired file on RPi boot.
Please note that you must replace the line ‘python’ with ‘python3’ for this to work. The default stock
DAQ system boots the program named ‘main.py’ in the following directory:
‘python3 /home/pi/Desktop/Verification_Prototype/main.py’
If you want to run a different file on boot or rename the main file, you will have to follow the steps above
so the RPi runs the correct file on boot.
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A.5 Attachment 5: Design Verification Plan and Report
DVP&R - Design Verification Plan (& Report)
Project

F15 Flow DAQ

Sponsor:

Brian Yale @ Zurn Wilkins

Edit Date:

5/18/2022

TEST PLAN

TEST RESULTS
TIMING

Test
#

1

2

3

Specification

Test Description

Sensor
Calibration Test:
All Sensors

Test each pressure,
temperature, and
flowrate sensor
and make sure its
analog and current
values are
acceptable (420mA).
Calibration
coefficients are
hardcoded ino the
program.

Flow Meter
Grounding

Make sure the inhouse flow meters
are plug-and-play
in the Zurn
facility. Run a
calibration test on
them similar to
temperature and
pressure
transmitters

LCD Input
Monitoring and
Live Display
Test

Ensure we can
sustain desired
data collection
frequencies while
simultaneously
monitoring user
input and
displaying live
data values.

Measurements

Acceptance
Criteria

Valve pressure,
Analog value,
Multimeter current

Analog value
has no
acceptance
criteria.
Multimeter
current has to
be above 4mA
and below
20mA.
Sensors output
values within
1% of
reference
value.

Analog flow,
multimeter
current, analog
values

4mA =<
current <=
20mA and
linear with
flow.

Live display y/n
Sustain collection
frequency y/n

LCD can
display live
values and can
monitor and
accept user
input, all
during testing.

Required
Facilities &
Equipment

Parts Needed

Zurn
Engineering
Lab

Raspberry Pi and
Peripherals,
ADC, Wire,
Multimeter,
analog pressure
gauge.

Zurn
Engineering
Lab

none

Responsibility
Start date

Raspberry Pi and
peripherals,
ADC, flowrate
transmitters

Raspberry Pi and
peripherals,
ADC, flowrate
transmitters

Entire Team

Team

Team

5/3/2022

5/3/2022

5/10/2022

Pass/Fail

Numerical
Results

Notes on Testing

Pass

Calibration
curves, see file
attached with
linear curve fits
for each sensor

Used check-gages to record accurate pressure, temp,
and flowrate values, and recorded the time stamp at
which the point was taken, allowing us to find the
corresponding digital count value, which was then
used to create a [physical quantity] vs Digital count
plot, and the linear curve fit on this plot represents
the calibration equation which was hard-coded into
the software corresponding to each sensor.

Pass

Photos attached
compare Zurn
Flowmeter
flowrate value
of 71.7 gpm to
DAQ flowrate
value of 71.69
gpm.

Using a multimeter, we verified that our entire
system was grounded to the ground wire in the 3pole flowmeter cable. In our flowmeter calibration
and first Pressure - Flowrate (PQ) test, we observed
that the flow rate value did not "float" around,
meaning that the system is properly grounded. On
5/19/2022 we will calibrate to all Zurn flowmeters
on top of the one we have already calibrated to.

See calibration
plots

During calibration of the sensors, we used the LCD
to output system time to determine which digital
values corresponded to each value read from the
master sensor for each test. The calibration results
are fantastic, with our system matching calibrated
sensors almost identically. This shows that the live
monitoring feature is "live" and accurate. The system
is able to display values from any of the active
sensors and the time.

Finish date

5/17/2022

5/19/2022

5/17/2022

Pass
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Casing: Internal
Temperature Test

Ensure that when
operating, the
inside temperature
of the casing does
not exceed
maximum
operating
temperature of the
hardware.

5

IP (Ingress
Protection) Test

apply water spray
to exterior of
casing and ensure
no water gets
inside.

Inside of casing
temperature, RPi
surface
temperature

0°C < RPi
Temp < 80°C

temperature
sensor

use something that
changes colors
when wet,
(clumping cat
litter)

water must not
enter box: Cat
litter does not
clump

Hose, cat litter

Raspberry Pi and
peripherals,
casing, sensors

Nate

5/3/2022

5/19/2022

Pass

Max CPU
Temp 58°C

During a verification test for using as many sensors
as possible, we used 7 pressure sensors, a
temperature sensor, and a flow sensor. This exceeds
the 8 total sensors expected for the highest normal
use case.

Fully assembled
casing

Sam

4/26/2022

4/27/2022

Pass

N/A

Flow meter receptacle allowed water to drip inside
the casing upon first test. Upon arrival at Zurn, we
installed an O-ring gasket to prevent water ingress
and tested again. No water entered the case.
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A.6 Attachment 6: Test Procedures
Disclaimer: Please note the results of our test procedures have been provided in the Design Verification
section. We have provided the procedures of our tests to simply be a tool for Zurn engineers to recreate a
test in order to ensure the DAQ Box has maintained its integrity.

Test 1: Sensor Calibration Test
Purpose:
To define and characterize how to determine the calibration coefficients for each sensor. These
coefficients will be hard-coded into the Raspberry Pi for each sensor.
Scope:
This test is to ensure sensor accuracy, performing sensor calibration one sensor at a time. We will be
ensuring that our RPi program will output the correct respective data value for the tested sensor within
±5% accuracy. The resulting outcome of this tested sensor will be two different calibration curves for
each sensor. One is a digital value to current calibration curve, and the other is a digital value to
pressure/temperature/flowrate calibration curve. All tests will be performed relative to a reference sensor
known to be accurate.
Equipment:
1. Pressure, Temperature, Flow sensor
2. Zurn Backflow Preventer Valve or another like valve
3. Accurate reference sensor (Pressure, Temperature, Flowmeter)
4. F15 Data Acquisition System
5. Zurn Hydraulics Lab Test Setup
Hazards:
1. Potential for electrical shock, if using water pressure instead of air pressure.
2. Falling objects, such as the Zurn valve, that can strike the feet.
PPE Requirements:
1. Safety glasses
2. Steel Toe’d Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
Sensor Calibration: (This section is to be repeated for each sensor)
1. With the Zurn backflow preventer valve open, attach a single sensor to the valve and the Pi.
2. Power on the Raspberry Pi and select the corresponding sensor connected to the valve to begin
collecting data. Close the lid to the casing to ensure that the casing is watertight.
3. Read the output current of the sensor via Pi and record it in an excel file next to the reference
datum (0psig, 0 gpm, Room Temperature). Ensure the reference device also reads the datum
value. These values will later be graphed.
4. Attach the Zurn hydraulic pipes upstream and downstream of the valve to provide water flow to
the valve.
5. Incrementally increase the flow rate, taking 10-12 data points of the quantity measured, reaching
the maximum allowable reading for each respective sensor. (maximum pressure sensor reading is
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dependent on whether high or low pressure sensors are used). At each data point, record
multimeter current, program current, program analog value, and the reference sensor
measurement.
6. Plot multimeter current versus program current and program analog value versus the reference
sensor for each data point on excel. This data will be plotted and a linear trendline (y = mx + b)
will be added to each graph. Show the trendline equation and the values m,b will be your
calibration coefficients.
7. Record the trendline equation and write a number on the transmitter to associate the transmitter to
that equation in case of a mix-up in the future.
Results:

Figure 1. Calibration Curve for low pressure sensor 1.

Figure 2. Calibration Curve for low pressure sensor 2.
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Figure 3. Calibration Curve for low pressure sensor 3.

Figure 4. Calibration Curve for low pressure sensor 4.
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Figure 5. Calibration Curve for high pressure sensor 5.

Figure 6. Calibration Curve for high pressure sensor 6.
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Figure 7. Calibration Curve for high pressure sensor 7.

Figure 8. Calibration Curve for high pressure sensor 8.
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Figure 9. Calibration Curve for temperature sensor 9.

Figure 10. Calibration Curve for temperature sensor 10.
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Figure 11. Calibration Curve for temperature sensor 11.

Figure 12. Calibration Curve for flow rate sensor MAG6.
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Figure 13. Calibration Curve for flow rate sensor MAG7.
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Figure 14. Calibration Curve for flow rate sensor MAG3.
Test Date: 05/17/22
Level of Prototype: Mid to Late stages
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller
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Test 2: Flow Meter Grounding
Purpose:
The goal of this test is to ensure we are reading our flow rate values from the correct reference “zero”
value from the flow meter that Zurn has provided us.

Scope:
This will be a test to ensure the flow meter ground has been properly tied to the ADC ground to ensure
our data does not waver. This will not cover how to create the calibration curves for the flow meters as
this has been covered in our sensor calibration test.
Equipment:
1. Flow Meter
2. Test certified reference flow meter
3. Zurn Backflow Preventer Valve or another like valve
4. Accurate reference sensor (Pressure, Temperature, Flowmeter)
5. F15 Data Acquisition System
6. Zurn Hydraulics Lab Test Setup
Hazards:
1. Potential for electrical shock, if using water pressure instead of air pressure.
2. Falling objects, such as the Zurn valve, that can strike the feet.

PPE Requirements:
1. Safety glasses
2. Steel Toe’d Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
1. With the Zurn backflow preventer valve open, attach the flow meter to the valve and the Pi.
2. Power on the Raspberry Pi and begin data collection. Close the lid to the casing to ensure that the
casing is watertight.
3. Allow the flow rate through the valve to come to steady state and record the flow rate given on
the reference flow meter.
4. Collect the program flow meter data through the RPi for 1 minute.
5. Stop the data collection, ensure the data has been saved and begin a new data collection period.
6. Increase the flow rate by 15 gpm.
7. Repeat steps 3-6 four more times.
8. Eject the USB to SD card storage device and power off the DAQ system.
9. Open each data collection file on your desktop and plot each set of data on its own plot, flow rate
versus time.
10. Add a trendline and error bars to each plot to ensure flow meter output is not drifting over time.

Results:
1. We verified this test by performing a continuity test with a multimeter. To ensure our method of
tying the RPi ground to the ground of the flow meter worked, we probed the RPi ground pin and
the LCD backing plate ground pin (where the green wire is plugged into) with a multimeter on
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continuity mode. The multimeter made a beeping sound verifying that the leads of flow ground
and RPi ground were tied together. During a test we also visually saw that the flow meter was not
providing wavering flow data at the same flow rate.
2. Optional Verification Results: A plot for each set of data collected at the given reference flow.
Add a trendline, and error bars to each plot ensuring there is no data outside of the range of ± 5%
of the trendline. If this requirement is met, our flow meter has been properly grounded, and its
data wavering is not significant.

Test Date(s): 05/19/22
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller
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Test 3: Water Ingress Test
Purpose:
To verify that our casing, following the modifications necessary to accommodate our electronic
connections for power and sensors, can prevent water ingress under realistic conditions expected in the
Zurn Wilkins Hydraulics Lab during use.
Scope:
This test will assess the system’s ability to prevent water ingress and verify that the modifications made
have not compromised this ability of the original enclosure component.
Equipment:
1. Fully assembled enclosure (this means that all modifications for sensors and power cable pass
throughs, buttons, and LED’s must be complete before the test).
2. Water hose to spray enclosure with high velocity water
3. Clumping cat litter (OR similar substance) to indicate water ingress
Hazards:
1. High velocity water from hose.
2. Falling objects, such as the Zurn valve or DAQ enclosure, that can strike the feet.
PPE Requirements:
1. Safety glasses
2. Steel Toe’d Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
1. Fill the enclosure with a thin layer of clumping cat litter.
2. Position the enclosure on a flat surface.
3. Using the hose, spray water at the casing, targeting one of the following features at a time:
a. Front side (sensor receptacles)
b. Left side (power receptacle)
c. Lid seam
4. Inspect the clumping litter to determine if water ingress occurred.
a. If yes:
i. Note which side of the enclosure allowed water ingress.
ii. Open the enclosure and photograph the clumped litter.
iii. Remove the clumped litter from the casing and replace with fresh litter.
iv. Position the side in question facing downward and spray the enclosure with water
again.
v. Being careful to not mix the litter, inspect the litter and determine if ingress
occurred.
vi. The location of the clumped litter should correlate with the location of water
ingress.
vii. Study the area surrounding the clumped litter to determine which feature
allowed water ingress and document this
b. If no, continue
5. Repeat steps 3 and 4 for each feature of the casing.
6. Position the hose at different angles to the surfaces and repeat steps 3-5. This can be done several
times to fully verify water ingress protection.
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Results:

Feature:
Sensor Receptacles

Power Receptacle
Lid Seam

Table 1. Water Ingress test results
Water ingress (Y/N)
Notes:
Y
Flow receptacle had slight water
ingress. All other sensor
receptacles were fine
N
No water ingress
N
No water ingress

**See Design Verification section for images of test results
•

For each feature of the casing:
o
Notes of any observation of clumped litter.
o
Photographs of any clumped litter resulting from water ingress.
o
Notes of any specific features observed to have allowed water ingress.
o
Notes of planned actions to resolve water ingress issue

Test Date(s): 04/27/22
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller
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Test 4: LCD Input Monitoring and Live Display Test

Purpose:
The goal of this test is to ensure the LCD can monitor for and accept user button presses during data
collection without sacrificing the specified data collection frequency.
Scope:
This test verifies we can effectively run the LCD screen and await user input during a test while still
maintaining data collection for a desired frequency. We want our LCD to be able to monitor user input to
stop a test as well as display live flow characteristic values simultaneously.
Equipment:
1. 8 Pressure, 3 Temperature, and 1 Flow sensor
2. Zurn Backflow Preventer Valve or another like valve
3. F15 Data Acquisition System
4. Zurn Hydraulics Lab Test Setup
Hazards:
1. Potential for electrical shock, if using water pressure instead of air pressure.
2. Falling objects, such as the Zurn valve, that can strike the feet.
PPE Requirements:
1. Safety glasses
2. Steel Toe’d Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
1. With the Zurn backflow preventer valve open, attach up to 12 sensors to the valve and the Pi.
2. Begin flowing water through the valve, beginning with a small flow rate.
3. Power on the Raspberry Pi and follow the prompts on the LCD screen to select the corresponding
sensors connected to the valve, low pass filter count, and the data collection frequency to begin
collecting data. Close the lid to the casing to ensure that the casing is watertight.
4. At the start of data collection, begin a stopwatch to track the timestamps associated with each
LCD display value.
5. Over the period of 5 minutes, write down the value displayed on the LCD for sensor 1 and the
associated time stamp from the stopwatch every 20 seconds. Increase the flow rate from
minimum flow rate to near max incrementally over the 5 minute test.
6. Intermittently during the test, use the up and down buttons to toggle through different sensor
display values to ensure the code reads the button presses promptly each time the user presses a
button. If the user must press the button more than one time to trigger an LCD response, there is
code delay and code revision is necessary.
7. Once 5 minutes has elapsed, terminate the test with the LCD terminate command. If that
command does not work on the first try, there is a delay and code revision is necessary.
8. Eject the USB flash drive and open the data csv file on excel workbook.
9. Plot time versus sensor data for sensor 1 for the csv data set and plot the stopwatch time versus
LCD displayed sensor 1 values as a second series.
10. Ensure the pressure values align within 5% error bars at each instantaneous point in time.
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11. Check that the csv outputted data has time increments equal to the data collection period you
selected on the LCD screen. If the time between each set of data collection is longer than the
specified data collection period, there is delay in the code and you must revise the code and repeat
this test until there is no delay.
Results:
To ensure the system worked as Zurn desired, we ran a full scale test with 9 sensor ensuring that LCD
time matched with real time, the LCD user interface worked in a timely matter, and the processor could
handle a full scale test at a high data collection frequency of 0.1 seconds.
The following design functions were tested.
Table 2. LCD monitoring and Live Display test results
Pass (Y/N)
Notes:
Pause-Play
Y
The program paused data
collection by pressing the select
button and unpaused with
another select button press.
LCD button press monitoring
Y
LCD adequately toggled to
display the next sensor on the
user’s request with a button
press.
Program termination
Y
Program termination began
immediately when termination
keystroke was pressed.
RPi timer
Y
RPi time recorded to ‘.csv’ file
matched LCD time. Verified by
seeing the gap of time when
program was paused.
USB flashdrive exception
Y
Program did not start if flash
drive was absent.
Data collection frequency
Y
The system was pushed to its
limit, but recorded ‘.csv’ time
displayed data every 0.1 seconds
with minimal lag.

Function:

Optional Verification Results:
1. Plot of CSV time versus sensor 1 values and the collected stopwatch times versus LCD display
values on the same plot. Plot error bars and check they are within 5%.
2. A check that the program can monitor LCD input during a test by checking that the sensor toggle
method and program termination operation works on the first try.
3. A verification that the CSV time data matches the specified data collection period.
Test Date(s): 05/17/22
Level of Prototype: Late stages
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller
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Test 5: Casing: Internal Temperature Test
Purpose:
To verify that the internal temperature of our casing does not exceed the maximum operating temperature
of the Raspberry Pi during peak operation. If our Raspberry Pi does exceed this temperature, thermal
throttling will occur, and performance will be worsened. A heat sink or fan installation may be required to
cool the Pi if our findings from this test suggest that our interior casing temperature is too high during
rigorous tests. The maximum operating temperature of the Raspberry Pi is 85°C. We will consider 80°C
as our maximum temperature allowed so we do not risk damaging the device.
Scope:
This test will assess the maximum temperature reached inside of the casing module for a given test. We
do not want the system to overheat during operation, so we will attempt to collect data from the maximum
number of sensors, each reading near their maximum possible value. This will ensure nearly 20mA is
flowing to the system from ~12 separate sensors. This test will also determine the frequency at which our
system can collect data without thermal throttling.
Equipment:
1. Fully assembled enclosure (this means that all modifications for sensors and power cable pass
throughs, buttons, and LED’s must be complete before the test).
2. Thermocouple or temperature sensor inside the casing.
Hazards:
1. High velcoity water.
2. Falling objects, such as the Zurn valve or DAQ enclosure, that can strike the feet.
PPE Requirements:
1. Safety glasses
2. Steel Toed Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
Test 1: Maximum Input Current
1. Write a program that collects the core temperature of the Raspberry Pi and outputs it on the LCD
display. This program will include the “vcgencmd” command.
2. Set up the DAQ to read data from as many sensors as available. This may require multiple valves
being tested at the same time. Ensure one temperature sensor is inside the casing unit. Sensor
measurements will include:
a. 4 high-pressure sensors (0-500psi)
b. 4 low-pressure sensors (0-200psi)
c. 3 temperature sensors
d. 1 flow sensor
3. Begin fluid flow through the test setup and begin data collection. At this point, the sensors will
now read non-zero values, thus increasing the current flow into the DAQ. With 12 sensors
operating, the RPi will have the maximum quantity of sensors inputting data.
4. Monitor the display to determine the temperature of the RPi core while collecting data from 12
sensors.
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5. Increase the flowrate/pressure/temperature through the test setup gradually so that more current is
being sent to the DAQ. Monitor the display. If the temperature reaches or exceeds 80°C, a fan or
heat sink will be required.
6. If the maximum parameters are reached and RPi temperatures do not exceed 80°C, move on to
the next test.
Test 2: Maximum Frequency
1. Proceed with step 1 of Test 1.
2. Connect 4 pressure sensors and the flow sensor to the DAQ. These 5 sensors will be used since
these are the sensors used in a “standard test” for backflow preventer R&D.
3. Set the frequency of data collection to 1 Hz.
4. Begin fluid flow through the test setup and begin data collection.
5. Collect data for 5 minutes, gradually increasing pressure through the valve. Be sure to monitor
RPi core temperature on the LCD.
6. Repeat steps 3-5 for frequencies of 10 Hz, 20 Hz, …, 100 Hz. Note: 100 Hz is selected because it
was mentioned to be the greatest frequency these would collect data in a realistic test setting. The
maximum frequency of this test can be modified if required.
a. If the maximum temperature (80°C) is met or exceeded, stop the test and install a fan or
heat sink into the casing.
Results:
1. We performed a 2 hour test with the DAQ box, recording data from one sensor. We say the core
temperature of the RPi reached just over 60 ˚C after the 2 hours elapsed. This is well within the
operating temperature range of an RPi, significantly below the rated 80 ˚C. We used the RPi
temperature command ‘vcgencmd measure_temp’ to attain our temperature value.
2. Optional Verification Results
a. For each test:
i. Notes of any sudden temperature increases either on the RPi core or the inside of
the casing.
ii. Notes of the maximum temperature reached for each test
iii. Notes of planned actions to resolve temperature issues
Table 3. Raspberry Pi Temperature Test Results

Test Number:
1
2

Max Temperature [°C]

Test Date(s): 5/19/2022
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller

6-16

Test 6: Sensor Re-calibration Test
**We did not have time to build a re-calibration file into the program, but this is the test procedure we
had in mind to check if a sensor can be re-calibrated without the use of a keyboard, mouse, and monitor.
Purpose:
This will serve as a check that months down the line, after we have already passed the housing product to
Zurn, they can re-calibrate sensors without the use of a keyboard, mouse, and monitor. Zurn will also use
this test to calibrate sensors they want to add to the system down the line.
Scope:
This procedure ensures that new or old sensors can easily be calibrated within our standard of ±1% in the
test facility. No keyboard, mouse, or monitor is needed for this test.
Equipment:
1. Fully assembled housing unit containing all electronic components
2. Wired LED light to provide feedback during test
3. Calibrated gauge sensor
4. Zurn test facility
Hazards:
1. High velocity water
2. Dropping the housing, control valve, or any other components on feet
PPE Requirements:
1. Safety glasses
2. Steel Toe’d Caps
Facility: Zurn Wilkins Hydraulics Lab
Procedure:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Turn on Zurn hydraulics to allow water to flow.
Power the housing unit by plugging in the power cable to the wall.
Attach sensor to the hydraulics through a Zurn control valve.
Press the Sensor Calibration button on the LCD screen (The button for sensor calibration is
unknown at this point).
Enter the datum gauge measured quantity into the LCD screen using the button press and press
the enter button.
The program will iterate through different analog max/min and calibration coefficients for a few
moments. Ensure the calibration is working by seeing the flashing LED light every .5 seconds.
Check that the light stops flashing, and blinks on to ensure that the sensor is calibrated up to your
data point.
Repeat steps 5-7 three more times with three more datum reference values, waiting for a constant
LED light each time.
Run the system with incrementing flow rates through the valve and show the newly calibrated
sensor on the LCD screen. See that the measured sensor aligns with the reference gauge datum.
Record the sensor output and reference value at different flow rates and calculate the percentage
difference. If results are not within ±1%, repeat procedure from step 4.
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Results:
Flow Rate
[gpm]

Table 3. Re-calibration test results.
Sensor Output
Datum Gauge Reading
[psi/°C/gpm]
[psi/°C/gpm]

Percent Error

The main thing here is to ensure that the outputted sensor data is within ±1% of the known calibrated
reference value. This test can be conducted for flow, pressure, or temperature sensors.
Test Date(s): NA
Performed By: Jason Hu, Sam Maxwell, Jameson Spitz, Nate Werdmuller
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A.7 Attachment 7: Indented Bill of Materials (iBOM)
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